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Edward J. Stolic, class of ’48 


speaks from experience when he says... 


“With U.S. Steel, my future holds interest, 
challenge and reward.” 


From his graduation in 1948 with a 
B.S. degree in Mechanical Engineer- 
ing, until November of that year, 
Edward Stolic worked as an operat- 
ing trainee in the Irvin Works of 
United States Steel. Following his 
discharge from the Army in 1950, 
he returned to work at U.S. Steel. In 
just 18 months, Mr. Stolic reached a 
management position as Engineer- 
Lubrication. 

By mid-year 1953, Mr. Stolic was 
promoted to Foreman-Instrument 
Repair and Sub-Station. In a recent 
interview he said: “Opportunities 
for rapid advancement are almost 
limitless in U.S. Steel.” At 27, Mr. 
Stolic is supervising a force of 30 
men in mechanical and electrical 
tests as well as instrument repair and 
maintenance of gas generators, com- 


pressors and water purification units. 
He feels that, “The engineer finds 
many places to apply the knowledge 
he garnered in school.” The men un- 
der Edward Stolic are called on to 
trouble shoot in any part of the mill. 
This calls for a wide variety of tal- 
ents and leads Mr. Stolic to say: 
“The steel industry has expanded 
greatly, and with it the need for good 
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men. 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consuit 
your local newspaper for time and station. 


If you are interested in a challeng- 
ing and rewarding career with United 
States Steel, and feel you are quali- 
fied, further information is available 
from your college placement direc- 
tor. Or, we will gladly send you our 
informative booklet, ‘““Paths of Op- 
portunity.” Just write to United 

tates Steel Corporation, Personnel 
Division, Room 1622, 525 William 
Penn Place, Pittsburgh 30, Pa. 
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EDITORIAL 


... Advice from Cousin Jethro 


Well, it’s June and another pack of steel-eyed young stalwarts 
will sally forth in the perennial attempt to change the shape of the 
nation into that of a rectangle. Given half a chance, they say, and 


they'll have Florida sawed off and floating away in no time. 


What | mean is, this business of changing the world needs 
tightening up here and there ‘cause what was just a saying twenty 
or thirty years ago has gained a lot of muscle. There are things being 
built today so fast that the people building them don’t know what 
they look like until they get through. 


Take a look around—there are T.V. sets by the thousands without 
a program on them worth the lighting of a diode. And this stuff of 
a telephone in every room so the little woman won't have to move 
anything but her mouth—there’s a danger of tampering with evolution 
here. Soon we'll have a nation of small-footed, big-hipped women to 
stand for, and you won't even have to do that long ‘cause there’s a 
dozen engineers designing reclining chairs with contour seats to fit 


yours right now. 


So, Friend, the advice is very simple. When you get out there in 
the land of no-class-bells and get to starting on something “big,” pull 
off to a corner somewhere and read a good book—there’re lots of 
good ones; some without even thermodynamics in their title—and 
when you get through and only then, go back to the old project. If 
it still looks good to you, go ahead and build, you might have some- 


thing—maybe. 
—P.E.L. 
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no matter how many offers you've had 


THE FACTS HAVEN’T CHANGED 


It still takes good money, security, inter- 
esting work and good working conditions 
to make a man happy in his job. You 


needn't settle for less. 


AIRCRAFT 


ENGINEERING 
Like the F-100 SUPER SABRE 


Contact: Les Stevenson 


Engineering Personnel Office 
Department 56Col 


North American Aviation 
LOS ANGELES 45; CALIFORNIA 


FR 
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A Division of North American Aviation, Inc. 
Large, liquid propellant engines 
Contact: Mr. Grant Baldwin 
Rocketdyne Engineering Personnel 
Department 596Col 
6633 Canoga Avenue 
CANOGA PARK, CALIFORNIA 


Aerodynamicists 
Thermodynamicists 
Dynamicists 


Computer Application Engrs, 
Automatic Controls Engrs. 
Inertial Instrument 


We'd like to tell you our five different versions 
of the story: airplanes (Air Force and Navy), 
missiles, peaceful atomic energy, rocket 


engines, and electronics. 


NAVY AIRCRAFT 


ENGINEERING 
Like the FJ-4 FURY JET 
Contact: Mr. J. H. Papin 


Engineering Personnel Office 
Department 56Col 


North American Aviation 
COLUMBUS 16, OHIO 


ATOMICS 
INTERNATIONAL 


A Division of North American Aviation, Inc. 


Nuclear reactors for power, 
industry, medicine and research. 


Contact: Mr. G. W. Newton 
Personnel Office Department Col 
21600 Vanowen Street 
CANOGA PARK, CALIFORNIA 


Civil Engineers 


Test Engineers 


Design & Development Engrs. 


MISSILE 


ENGINEERING 
Like the SM-64 NAVAHO 


Contact: Mr. R. L. Cunningham 
Missile Engineering Personnel 
Office Department 91-20Col 
North American Aviation 
DOWNEY, CALIFORNIA 


AUTONETICS 


A Division of North American Aviation. Inc. 
Guidance, Fire and flight control 
(missiles and aircraft) 
Contact: Mr. D.S. Grant 
Autonetics Engineering Personnel 
Office Department 991-20Col 
P.O. Box AN 
BELLFLOWER, CALIFORNIA 


Computer Specialists 
Electro-Mechanical 
Designers 


Stress Engineers 

Structural Test Engrs. 

Flight Test Engineers 

Electrical & Electronic 
Engineers 

Power Plant Engineers 

Research & Development 
Engineers 

Weights Engineers 

Environmental Test Engrs. 

Instrumentation Engineers 


Fire Control Systems Engrs. 


Flight Control Systems 


Development Engineers 
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Computer Programmers 
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Electronics Technicians 
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Engineers Rubber Compounding Engrs. Metallurgists Air Frame Designers 
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Has aviation met an insurmountable 
obstacle? The early days of man’s con- 
quest of the skies saw many setbacks due 
to mechanical failure, insufficient 
knowledge, untrained pilots, and hosts 
of other retarding factors. These prob- 
lems were all overcome, however, as 
time went on and more was learned in 
the fields of aerodynamics, metalurgy, 
and electronics. As fuel capacity was in- 
creased and more dependable engines 
developed, distance came to be relatively 
insignificant. The speed of sound was 
soon exceeded in level flight. Fuels and 
power plants were developed that would 
propel airplanes of present configura- 
tions at many times the speed of sound. 
There is, however, one thing that stands 
in the way of this next advancement. 
It lurks at every altitude within the 
atmosphere. Aerodynamic heating is the 
barrier—the “heat barrier’’—that aero- 
dynamicists, metalurgists, thermodynam- 
icists, and designers have to conquer 
before space flight or any other aero- 
nautical advancement can be realized. 
This problem, like all aviational prob- 
lems before it, is being attacked with 
zeal. A general definition is, perhaps, 
the best way to begin discussion of this 
phenomenon. Aerodynamic heating re- 
sults from the friction of air upon the 
surface of an airplane. It causes the 
ship to heat up and is responsible for 
mechanical failures and metal fatigue. 
Aerodynamic heating is responsible for 
the present temporary halt in speed and 


altitude progress. This halt has been 
termed, perhaps very properly, the 
“heat barrier” by newspapers and mag- 


azines. I believe that this definition by 
Haber adequately sums it up: “This is 
the heat barrier—the heating of a plane 
by the friction and piling up of air on 
aircraft surfaces at supersonic speeds.” 
While the sonic barrier is a well de- 
fined limit the heat barrier is not so 


Frontispiece: This Lockheed F- 104 
fighter has a speed of about 1400 
mph. It is powered by a new engine 
which has the lowest weight to power 
ratio ever developed. 
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By Phil Philhower, E.E. ‘59 


definite. Unlike the sonic barrier, the 
heat barrier is not a fixed obstacle which 
one can jump over; rather, the faster 
the speed the hotter it gets. 

If we were to use our latest power 
plant designs and our present design 
configurations, altitudes so high that 
human life could not possibly exist are 
now attainable. At the speeds possible, 
aluminum, our chief construction metal 
at present, will relax and loose its 
strength. It will melt at Mach 5—3,800 
miles per hour. It will loose 40 per cent 
of its strength at 250° F. This is equal 
to almost 1,200 miles per hour at low 
altitudes where air is dense and friction 
is great. As a comparison, it is interest- 
ing to note that gasoline will boil at 
Mach 1.5 at about 35,000 feet. Plexi- 
glass will melt at Mach 1.6. Electrical 
components will fail at Mach 1.65. 
Solder will melt at Mach 2.25. Greases 
fail at Mach 2.2. Fuels will automatical- 
ly ignite at Mach 3.5. Even glass, noted 
for its hardness, will soften at Mach 
“ha te 

On the basis of these facts, some 
scientists believe that we will never fly 
much faster than we do at the present 
time. They point out that the knowledge 
that we have now leads to the conclusion 
that more speed is beyond our reach. 
Some thermodynamicists declare that 
planes that fly any faster would require 
so much cooling equipment that the 
weight of this equipment would prevent 
maneuvering. Regardless of these opin- 
ions, research is forging ahead in search 
of ways to combat this latest barrier to 
flight progress. 

The first step made by several top 
aircraft companies was to add new ther- 
modynamicists to their regular engineer- 
ing staffs. Some companies have begun 
designing planes to do special experi- 
mental work in gathering data for the 
investigation. Douglas, for example, has 
produced the X-3 Stiletto to gather so- 
called “hotspeed” data. It uses a tre- 
mendous horsepower just to keep cool 
at supersonic speeds. 

We cannot smash through the heat 
barrier, but maybe by fulfilling certain 
conditions we can go around it. Haber 


THE HEAT BARRIER 


(“The Heat Barrier,” Scientific Amer- 
ican, Dec. 8, 1953) has set up a purely 
hypothetical case that completely dem- 
onstrates this point. He has taken a 
plane whose skin can withstand stresses 
at a temperature of 480° F. This plane 
can be held aloft by the small differen- 
tial pressure of 80 pounds per square 
foot. Figure 2a shows that at speeds 
over Mach 2, the flying altitude re- 
quired to keep the ship from burning 
up rises rather sharply. Figure 2b shows 
the altitudes, plotted against the speed, 
at which the air would be too rare to 
hold the plane aloft. Figure 2c is a 
combination of the two curves. The area 
common to both is a ‘‘no man’s land” in 
which it would be too hot and too slow 
for the plane to fly. The two open 
ends of this curve are areas of possible 
flight. The one at the lower left, we 
now fly in. The one at the upper right 
would be attainable only by rockets, 
which require no air for propulsion. This 
would permit any speed necessary to 
utilize the rare air in this area. 

He asserts that some present-day air- 
craft could quickly pass through this 
area, but they could not sustain flight 
in it. Once through it, however, the 
problem of propulsion would airse again. 
Jets, our best present means of pro- 
pulsion, cannot operate in the rare air 
of the upper atmosphere. 

The investigation that must be carried 
on to solve the heat problem involves 
rate of heat transfer, boundary layer 
temperature, and structural integrity. 
The effect of cooling devices, aerody- 
namic shape, or speed upon these may 
hold the answer to the problem. 

It has been found that current flow 
is directly related to heat flow. Armed 
with this information, the Ames Aero- 
nautical Laboratory of the National 
Advisory Committee on Aeronautics, 
Moffett Field, California, has built an 
electrical analog to study structural 
heating. The airfoil under observation 
is fitted with condensers and thermo- 
couples to study the current flow from 
one member to the next. Because the 
current flow can be equated to the heat 
flow, these results can easily be con- 
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(b) If this same hypotheti- 
cal craft could be held 
aloft by adifferential pres- 
sure of 80 lbs./in., this 
curve shows the areas, 
plotted against speed, that 
would not support the 


craft. 
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(a) This curve shows the 
area at which a craft 
capable of withstanding 
stresses at temperatures up 
to 480°F would be useless 


due to heat caused by fric- 
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(c) This combination of (a) 
and (b) shows the area 
that can be safely navi- 
gated today. The space at 
the lower left we fly in 
today. The one at the up- 
per right is attainable only 


by use of rockets. 


MACH NUMBER 
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_ verted to valuable information. This 
_ process eliminates the added expense of 
special heating equipment. 

If the analog is to be used correctly, 
the conductivity of the materials used, 
resistance across joints, and the specific 
heat of the materials used must be care- 
fully computed. The results of these 
calculations demonstrate the uneven 
heating of the structure. This uneven 
heating causes the skin to warp and 
buckle. 

It has been found that the tempera- 
ture of the air in the atmosphere goes 
down until 100,000 feet is reached. 
There, due to a thermal jet stream, the 
temperature rises again until, at 170,000 
feet, the temperature has risen to 170°F. 
Even though this is true, the planes get 
much hotter than 170°, even at alti- 
tudes under 100,000 feet. Why? The 
answer is simple. 

When any body moves through the 
air, it does not slide so that the air 
slips past in contact with the sides of 
the object. There is at all times a very 
thin layer of air that has no velocity 
relative to the body. The temperature 
of any volume of air remains constant 
until it meets an obstacle. When the air 
through which a plane passes comes in 
centact with the motionless layer sur- 
rounding the plane’s surfaces, the mole- 
cules of the layer of air cannot rebound 
as a whole, but rather in different direc- 
tions and at different velocities. The 
temperature of the layer therefore rises 
because its molecules are speeded up. 
Temperature is a measure of kinetic 
energy of a gas (KE = MV?/2). 

The temperature level associated with 
a sudden stopping of a volume of air is 
called the stagnation temperature. The 
whole plane, however, does not develop 
areas of stagnation temperature. The 
boundary layer is, on the average, heat- 
ed to 85 per cent of the stagnation 
areas. An airplane flying at Mach 1, 
through motionless air at 0°F. will in- 
crease the temperature of the air at the 
leading edges by 95°. At Mach 2, this 
would be increased 380°. At Mach 10, 
it would jump to 9,000°! Fortunately, 
however, these figures apply only to the 
leading edges of an aircraft. (See Fig- 
ure |.) 

The heat transfer from surrounding 
air to the plane depends upon the size 
and speed of the plane, coefficient of 
heat transfer, and the density of the air 
at that altitude. The coefficient natural- 
ly rises when the speed and/or the 
density of the air increases. The transfer 
of heat through friction in the boundary 
layer is decreased if laminar flow can 
be obtained. In fact, both heat transfer 
and drag coefficients are lower for 
laminar flow than for turbulent flows. 
Laminar flow transmits only one-third 
to one-fifth the heat that turbulent flow 
transmits. 
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As speeds increase, the flow around 
the airfoils tends to become turbulent. 
If the transition from laminar to turbu- 
lent flow could be delayed, it would 
help alleviate the heating problem. If 
at supersonic speeds a laminar flow 
could be obtained, the heat would be 
high, but very much lower than that 
which a turbulent flow produces. We 
therefore see that laminar flow is es- 
sential. Every bump must be removed 
from the ship’s surface if it is to stay 
as cool as possible. 

The temperature at which the heat 
naturally given off by the moving plane 
equals the heat absorbed due to friction 
is called the equilibrium temperature. 
The only reason that this temperature 
has not yet been reached is that the fuel 
supply carried by the present planes does 
not enable them to fly at supersonic 
speeds for any great length of time. 
The time required to heat a plane to 
the equilibrium temperature will be gov- 
erned by the speed of the plane. If 
flight is sustained at any altitude, the 
equilibrium temperature will eventually 
be reached. 

These various phases of the research 
have produced striking results. They 
have shown the extremely adverse physi- 
cal effects of heat. Temperatures above 
2,000°F. render alloys useless. They 
either change chemically—that is to say 
they generally crystalize and therefore 
weaken—or they become so hot that all 
strength is lost. Thick pieces of metal 
tend to crack due to uneven expansion of 
the inside and outside as surface tem- 
peratures rise sharply. 

In accordance with the molecular 
theory, the heat is transferred to all 
parts of the plane. This transferance 


however, is not uniform. The huge tem- 
perature gradient in the several parts of 
only one airfoil will cause buckling and 
warping. Uneven heating all throughout 
the plane will result in skin buckling 
called “creep.” 

When “creep” is experienced, the 
metal “wanders” around. As the tem- 
perature increases, the “creep” increases 
accordingly. This “‘creep” is permanent. 
It gets worse each time the plane flies. 
It causes ripples and buckles in the skin 
of the plane which in turn tend to create 
a heat producing turbulent flow. Thus 
if this is not remedied, the planes will 
have to be fitted with a new skin after 
few flights. “Creep” indeed may help 
to create a new industry involving the 
melting and re-casting of old planes. 

These effects coupled with those 
mentioned above have produced a dras- 
tic effect on the determination of the 
factor of safety under which “hotspeed” 
planes are built. At present, the factor 
of a safety is defined as the ratio of the 
maximum load that a structure can hold 
to the load actually applied to it. 
Today, military and commercial air- 
craft are built with a safety of 1.5. In 
the future, this method of safety factor 
determination and designation will be 
made obsolete by the radical changes in 
load-carrying capacity produced by the 
weakening of members by heat. 

This problem obviously must be solved 
if aviation is to continue to progress. 
There are two methods of attack. The 
first is to use planes of the type we have 
today equipped with high-capacity ccol- 
ing systems. These and their fuel or 
coolant must be carried by the plane 
at all times, thus adding to its gross 
weight. The other line of attack in- 


Reinhold Filing, a pre-World War Il experimentor, demonstrating one of 
his winged rockets at Hanover, Germany. Rockets are the only type aircraft 
capable of reaching the desired upper right hand corner of graph (c) on 


the opposite page. 
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FLOW 


The value of laminar flow shown by the effects of both laminar and turbulent flows on one airfoil. Sections 
A will be cooler due to the laminar flow over them. Sections B will be heated due to the turbulent flow over them. 


The result of this uneven buckling is a serious and permanent warp. 


volves entirely new construction meth- 
ods and materials. Both possibilities are 
being explored at present. It is not 
known which will prove most satisfac- 
tory, but both bear further mention. 
Subsonic planes cool themselves by 
giving off heat into the surrounding air. 


The skin of a rocket such as this 
Martin Viking is heated to red hot 
by aerodynamic heating. 
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Engineers call this air a “heat sink.” At 
excessive speeds this ‘“‘sink’ turns into 
a “faucet” and begins increasing the 
temperature of the plane. Man keeps 
cool by sweating. The engineers’ plan 
to duplicate this in aircraft. Two meth- 
ods are being contemplated at present. 

The first method involves the ac- 
cumulation of all unwanted heat in one 
place. This plan requires the circulation 
of a cooling liquid directly beneath the 
skin of the plane. This liquid would be 
boiled and discharged into space as 
vapor. This would be particularly ad- 
vantageous at high altitudes where radi- 
ation would be the chief source of heat. 
In the case of radiant heat, the coolant 
would be circulated to the cool side of 
the ship to be cooled and thus eliminate 
the need for carrying excess coolant. to 
be jettisoned. Another method of em- 
ploying this same principle is to soak up 
large amounts of heat in pressurized 
fuel tanks and then burn the fuel. This 
utilizes the fuel as a “heat sink.” 

The second, and perhaps most prom- 
ising method, is called transpiration 
cooling or sweat cooling. This method 
involves passing a gas or a liquid through 
a porus outer skin to carry heat from 
the boundary layer out into space. This 
reduces the amount of heat actually 
transferred to the plane. Water would 
most likely be used as the cooling medi- 
um in this process because of its high 
heat-carrying capacity and high heat of 
vaporization. The only disadvantage of 
this plan is the prohibitive weight of 
water. The blowing rate of the coolant 
used will have to be kept at a minimum, 
of course, as the plane must always 
carry an adequate supply. 

This coolant will act in two ways. 
First, the velocity profile will be al- 
tered in such a manner that the heat 
actually conducted to the surface will 
be kept at a minimum. Second, the cool- 
ant will absorb an amount of heat which 
is a function of the temperature differ- 
ence between the surface and the cool- 
ant. The first effect proves the advan- 
tage of cooling by injection over that of 
using an absorbant fluid as a coolant. 

Of course, transpiration cooling is not 


the only method of cooling supersonic* 
aircraft. It is feasable that elaborate air 
air conditioning systems may sufficiently 
cool the ships for “‘hotspeed” flight. A 
cooler has been developed that can cool’ 
a 600° blast of hot air to snow in .2 
of one second. Another system can make 
175,000 ice cubes one inch on a side per 
day. There are some fighters today that 
are equipped with a cooling system 
weighing 5% pounds that is equal in 
cooling capacity to cleven household re- 
frigerators. 

It is possible that other methods, too, 
may be employed to alleviate the prob- 
lem of aerodynamic heating. It has been 
shown that one way to get around the 
heat is to cool existing airplane config- 
urations. Another line of attack is, ob- 
viously, to change the construction 
specifications of the airplane itself. 

Regardless of the unique cooling sys- 
tem employed, planes will have to be 
constructed so that they will not be out- 
wardly disfigured by intense heat due 
to friction. If this is to be accomplished, 
they will have to be redesigned and 
built out of new materials that are 
highly heat resistant, have good insula- 
ting properties, radiate heat rapidly, 
keep their tensile strength, and, on top 
of all of this, weigh almost nothing. 


A new method of internal bracing: 
called an ‘‘all metal honeycomb. sand- 
wich” seems to be a means to this end. 
This construction employs. foil-thin 
structural members arranged in a 
honeycomb pattern and fastened se- 
curely between metal skins of the body. 
This construction is “creep” resistant up 
to 1650° F. Incorporated with the porus 
skin idea or the internal coolant idea, 
the honeycomb, as yet not fully devel- 
oped, may prove invaluable. Its tendency 
to eliminate “creep” is definitely a 
point in its favor. 

Since at high altitudes the maximum 
lift-drag ratios are very small, flight 
of conventional planes at these alti- 
tudes is impossible even though surface 
temperatures are very low. At low alti- 
tudes, the differential air pressure over 
and under an airfoil is great and planes 
can fly relatively slowly. At high alti- 
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tudes, this would not be true due to 
3 the reduced over-all air pressure and the 
+ resulting reduction of the differential 


hypotheses that broad-winged aircraft 
‘are about to return to the scene. AI- 
though broad wings would be clumsy 
# at sea level, they would be a necessity 
-in the upper atmosphere. 

While swept-back, rakish wings are 
¥} the style for aircraft of the Mach l-and- 
below class, short, straight, stubby wings 
must be used for faster ships. These 
short wings give a low drag ratio, resist 
deformation by heat, and are designed 
for sleek laminar flow. Laminar flow, 
you recall, is 20 times cooler than 
turbulent flow. (See frontispiece. ) 

These changes lead to another even 
more surprising fact. Leading edges, 
no matter how thin, will be blunt. It 
has been found that blunt leading edges 
heat more slowly than sharp edges, 
merely because there is more material 
to heat. Blunt leading edges admittedly 
are slower, but they are also noticeably 
cooler. Insulation, also, may be a prime 
factor when aerodynamic heating is 
finally conquerred. The problems of 
insulation of an airfoil flying at several 
times the speed of sound are complex. 
The problem of bonding the insulating 
material to the skin will be a major 
| undertaking. The material must be 
tough and durable in addition to cling- 
ing perfectly to the skin of the body. 
The insulating material must have per- 
fect aerodynamic smoothness because it 
too will be affected by the friction on 
the boundary layer. 

Fiberglass and magnesium oxide have 
been suggested as possible insulators. A 
one-inch polished fiberglass covering 
over metal parts will withstand many 
times the heat that the naked airfoil 
would. A %-inch magnesium oxide cov- 
ering would also greatly reduce the 
amount of heat transferred to the plane 
itself. For instance, tests have shown 
that a plane flying at 3,000 miles per 
hour at an altitude of 20,000 feet will 
heat to 1250° in 60 seconds. The same 
ship with a fiberglass insulation would 
fly from Wichita, Kan., to New York, 


N.Y., in 25 minutes and heat to onls 
500°. Cooling systems in use today 


could handle that increase easily. 

When one takes into consideration 
all the requirements of ‘‘hotspeed” 
flight that have been mentioned, it is 
evident that these planes, when built, 
will have to be expendable. Some en- 
gines that we are building now are built 
to operate for a set number of hours as 
opposed to years for previous models. 
It has been said that military planes 
of the future must be built to fly red 
hot. 

With this idea in mind, the opinion 
has been voiced that future aircraft will 
have to built to fly like meteors. They 
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Cooling of the pilot and electronic equipment is a problem in modern 
fighters. The F-100 shown above is making a speed test. 


will have to be constructed of very 
thick metal that can melt off and thus 
carry heat away with it as the plane 
moves through the atmosphere. This 
thick metal would also absorb much 
heat and keep internal members cool. 
It has been proposed that planes be 
constructed so that they can slip into 
an expendable outer shell that would 
melt en route and therefore not damage 
the plane itself. Another proposed solu- 
tion is the installation of a solid metal 
nose with a relatively low melting point 
so that the constantly sloughing metal 
will cool the plane by taking heat with 
it as it goes into space. This plan, how- 
ever, is not consistent in that it does not 
provide for cooling the leading edges 
of the wings and the tail. 


All of these plans, however, rely on 
“a new metal.” Metalurgists are fran- 
tically searching for something that will 
stand up under all of these conditions. 
The main requirements of the metal are 
that it be relatively light and have a 
low coefficient of expansion. Metalurg- 
ists say that the development of lght 
alloys may make the difference between 
practical aircraft and ones that are too 
heavy to fly. 

Right now, metals are being produced 
to meet these metal 
called Invar, effective up to 500° F., 
has a coefficient of expansion that 1s 
1/30 that of steel. Nickel, when added 
to steel, reduces the coefficient of ex- 
pansion to almost nothing. Titanium, 
which has been represented as a ‘“wonder 
metal,” is not a cure-all. It is cer- 
tainly a step in the right direction. 
It is good under tension and will hold 
its strength up to 800° F. Aluminum 
24S-T, however, is better for resisting 
compressions and twisting. Inconel X, 
high in nickel content, retains strength 


requirements. A 


and corrosion resistance up to 1800° F. 
Some metals currently undergoing tests 
are: Titanium RC-10SA, Inconel X, 
Aluminum 24S-T, 17-7PH Steel, Mul- 
timet, and Cobalt alloy steel. Even 
ideas like the part ceramic, part metal 
‘“Ceremet” are being tested. 


Aerodynamic heating is a serious prob- 
lem that must be faced immediately. 
All possibilities of conquering it must 
be investigated. The problem cannot be 
solved by merely flying higher or by 
installing a super-cooler, or by making 
the body of the craft several feet thick. 
It will involve a combination of all of 
these. It is another hurdle that has yet 
to be passed. Its problems and effects 
change every time the throttle is moved. 
It will, in time, be conquered. When 
that time comes, aviation will have ad- 
vanced one more step in the fight to 
conquer the heavens. 
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NEW PRODUCT in the air conditioning field is Worthington’s 
ultra-modern winter and summer home air conditioner. It’s a 
compact package that heats, cools, circulates, filters, and con- 


aking today’s BIG ne 


= jg) it! 
YEW BUILDING in New York is the glass- 
heathed Manufacturer’s Trust Building. It’s 
ooled by a Worthington central station sys- 
em—so big it does the same job as melting 
00 tons of ice daily. 


cient service. 


NEW LIFE FOR OLD STORES. Shoppers stay 
longer, buy more in stores cooled by Worth- 
ington units with the new “Million Dollar” 
compressor. New 3-D circulation aims com- 
fort right where you want it. 


trols humidity. Like every Worthington product, this good- 
looking unit is designed and built for a lifetime of quiet, effi- 


BSE 


ws In air conditioning 


Worthington’s new residential air 
conditioners, packaged units, big cen- 
tral station systems — all are making 
headlines in the air conditioning field. 
And the same research and engineering 
skills responsible for their development 
are applied to all Worthington prod- 
ucts — engines, turbines, compressors, 
construction machinery, as well as 
pumps. 

For the complete story of how you 
can fit into the Worthington picture, 
write F. F. Thompson, Mgr., Personnel 
& Training, Worthington Corporation, 
Harrison, New Jersey. 4.25D 


See the Worthington representative when he visits your campus 


ee the Worthington 
orporation exhibit in 
ew York City. A lively, 
formative display of 
roduct developments 

r industry, business and 
ie home. Park Avenue 
nd 40th Street. 
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WORTHINGTON 


When you're thinking of a good job—think high—think Worthington 


AIR CONDITIONING AND REFRIGERATION * COMPRESSORS + CONSTRUCTION EQUIPMENT + ENGINES » DEAERATORS + INDUSTRIAL MIXERS 
LIQUID METERS * MECHANICAL POWER TRANSMISSION « PUMPS ° STEAM CONDENSERS + STEAM-JET EJECTORS « STEAM TURBINES * WELDING POSITIONERS 


ENERGY SOURCES 
FOR HEAT PUMPS 


The use of a heat pump for heating 
or cooling a home is not a new idea. 
In 1852, Lord Kelvin presented a paper 
on the economy of heating or cooling 
buildings by currents of air before the 
Glasgow Philosophical Society. Lord 
Kelvin’s system was known as the ‘‘open- 
cycle air machine.” 

In 1927, through the use of Kelvin’s 
ideas, T. G. N. Haldane is credited with 
being the first to bring the heat pump 
into home use when he decided to use 
his home in Scotland as the experimental 
point for proving the heat pump. 

The principle upon which the heat 
pump operates is similar to the oper- 
ating method of a home refrigerator, 
the main difference being that the 
amount of heat extracted from inside of 
the refrigerator is unnoticeable when it 
is rejected into the large volume of the 
average kitchen. 

The general operation of the heat 
pump cycle is as follows. In the com- 
pressor, the freon is compressed and 
leaves with a higher temperature and 
pressure than it entered with. The re- 
frigerant then passes through a heat ex- 
changer coil where it loses some heat. 
Leaving the first heat exchanger coil it 
enters a receiver tank to assure the sys- 
tem of a more steady flow of refrigerant 
through the expansion valve where it 
then becomes a low temperature, low 
pressure gas. The refrigerant then flows 
through the second heat exchanger coil 
where it receives heat from its surround- 
ings and is once again returned to the 
compressor. 

During the heating cycle, the heated 
refrigerant, usually Freon-12, loses some 
heat to the indoor air that is circulated 
over the indoor coil. The source of this 
heat is either the ground, underground 
water, or the outdoor air. During the 
cooling cycle, the process is reversed and 
the heat removed from the indoor air 
is rejected to the ground, underground 
water, or the outdoor air. 

Changing the heat pump installation 
from the heating cycle to the cooling 
cycle can be accomplished in either of 
two ways. By properly arranging the 
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dampers and duct work, the flow of air 
can be diverted to the desired coil de- 
pending upon which cycle is desired. 
This method is difficult to control due 
to the inherent weaknesses of poor in- 
sulation and damper leakage. The al- 
ternative method which is more widely 
used makes use of the fact that by re- 
versing the direction of flow of the 
freon through the coils, the cycle can 
be changed from that of heating to that 
of cooling or visa versa. 

Using well water as a source is very 
attractive from the standpoint of oper- 


ating efficiency. One of the greatest 
difficulties is finding water that does 
not require the use of costly metals or 
expensive water treatment to make it 
soft. The disposal of the amounts of 
water required sometimes becomes a 
problem because some communities 
charge a sewer tax for the use of their 
facilities. Another disadvantage is the 
cost incurred in the drilling of the well. 

Earth sources are superior to air 
sources because the ambient temperature 
of the earth is higher and less variable 
than that of the outdoor air. Use of the 
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earth does not involve the problems of 
accessibility or recirculation as does the 
use of surface or underground water. 
However, prolonged use of the earth as 
a source may lower the long term tem- 
perature levels in the earth. The re- 
quirement of two-hundred to four- 
hundred feet of three-quarter-inch to 
one-and-one-half-inch piping for each 
compressor horsepower makes the orig- 
inal installation cost high since all of 
the piping mentioned must be embedded 
below the surface of the ground. The 
constant temperature of the earth some- 
times eliminates the need for supple- 
mentary heating. 

By far the most widely used type of 
heat pump is the air to air source heat 
pump. At the time the heat source tem- 
perature is at a minimum, the heating 
requirements of the system are at a 
minimum. For cold weather operation 
of the air to air heat pump, a defrost 
cycle is necessary to remove the frost 
accumulation on the outside air coil. 
During the defrost cycle, the indoor air 
continues to circulate and the indoor air 
temperature drops because some of the 
heat required to melt the frost is taken 
from the inside of the house. The result 
is a drop in temperature that may cause 
some discomfort to the occupants of 
the house unless the defrost cycle is 


relatively short and the temperature 
drop small. Because of the operation of 
the defrost cycle and the variation of 
outdoor air temperature, the use of sup- 
plementary heating is sometimes re- 
quired. The use of solar energy and 
thermal storage may some day be the 
source of power to operate the pump 
and its supplementary heating. 

In general, air to air heat pumps are 
compact, flexible in operation, and are 
easily applied to any air conditioning 
distribution system. They are easily 
adapted to size, shape, and the archi- 
tectural treatment of the structure in- 
volved. Of much practicality in larger 
installations is the use of multiple in- 
stallations placed so that the load dis- 
tribution is most advantageous. There is 


no fuel firing equipment and the lack of | 


the products of combustion is quite evi- 
dent due to the absence of a chimney. 
In mild or changing weather, the heat 
pump can cycle between heating and 
cooling cycles and all that is necessary 
is that the proper thermostat setting 
be made by the occupant of the house. 

Heat pump _ installations are good 
loads for the electrical utilities because 
they improve the load factor. However, 
many of the southern utility companies 
are asking for a demand charge based 
on the maximum demand of the instal- 


lation. Due to these variations in elec- 
tric prices, the practicality of an instal- 
lation is determined by economic and 
physical conditions of the site. At the 
present time, the installed costs of a 
heat pump are more than the costs of a 
similar furnace installation but the costs 
compare favorably with those of a con- 
ventional heating and air-conditioning 
installation. 

The future of the heat pump is de- 
pendent on a variance of factors. A con- 
tinuation of the trend for fuel costs to 
rise at a faster rate than the rise of 
electrical rates is a condition that is 
favorable for heat pumps. Improving the 
efficiency of heat pumps can open new 
markets where their use is now imprac- 
tical. The general characteristics of the 
*heat pump make it ideal for a self con- 
tained heating and air conditioning unit. 
An increase in the volume of sales de- 
pends upon the ability of the manufac- 
turer to produce packaged heat pumps 
on an assembly line and the enthusiasm 
of the electric utilities to sell them. 

D. W. Lynch of the General Electric 
Co. once said that the heat pump future 
can be described in two ways. From a 
marketing standpoint it is the brightest 
spot on the horizon, and from an engi- 
neering standpoint it is the most chal- 
lenging. 
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TEXTILES... 


SPINNING FABULOUS YARNS 


The textile industry—through its variety 
of processes and products—plays one of 
the most significant roles in the everyday 
lives and activities of all Americans. To- 
day, efficient men, methods and machines 
produce yarns and fabrics for an almost 
endless list of products of which clothing, 
carpets, drapes, tires, belting, shoes and 
furniture are but a sample. With hearten- 
ing regularity, textile manufacturing ad- 
vances are being made, new fibers and 
blends created, and new applications de- 
veloped. 

Pacing textile industry progress is an 
intensive research program. Synthetics now 
are as familiar and serviceable as cotton, 
wool and other natural fibers, and have 
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freed us from any dependence upon im- 
ports such as silk. Concentrated develop- 
ment of the industry’s manufacturing pro- 
cesses has brought new techniques and 
methods to improve and speed up the 
transformation of raw fiber into finished 
material. 

But not content with the dynamic prog- 
ress already made, the textile industry is 
continuing to reinvest earnings to insure 
further advances, It is enlisted—with its 
suppliers and processors—in a never-end- 
ing effort to improve machines and methods. 

An important requirement in this second 
largest industry in America is steam, used 
in textile plants for power, processing and 
heating. The Babcock & Wilcox Company, 


whose experience with steam extends over 
nearly a century, has long been a contribu- 
tor to textile industry progress. B&W 
boilers and associated equipment are being 
improved constantly as B&W’s research 
and engineering facilities devote time, ef- 
fort and money to help make better boilers 
for all industry. The Babcock & Wilcox 
Company, Boiler Division, 161 East 42nd 
Street, New York 17, N. Y. 
N-205 
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“ELECTRIC BLANKET” 
DEICES 
ARCTIC AIRCRAFT 


AKRON, OHIO — Now available to 
aircraft on the northernmost fron- 
tier of our air defense network is 
new protection from severe in-flight 
icing dangers. The secret is a revo- 
lutionary electrothermal deicing 
system conceived by The National 
Research Council of Canada and 
developed for aircraft by Goodyear. 


Goodyear engineers produced rub- 
ber-covered heating units flexible 
enough to be easily applied to the 
compound contours of modern jet 
aircraft. Known as the Iceguard, 
this rubber “electric blanket” defies 
biting rain, hail and ice. 


By combining the Iceguard with the 
new electromechanical ice detector 
and Control System of PSC Applied 
Research, Ltd., operation is fully 
automatic. The pilot is completely 
freed from icing worries. Another 
tribute to the teamwork for which 
Goodyear engineers have become 
famous. 


Significant developments like this 
are “par for the course” at Goodyear. 
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Here, engineers are given the free- 
dom of thought and expression they 
need for the practical application of 
their new ideas. This imaginative 
approach, encouraged by Goodyear 
Management and supervised by 
many of industry’s leading technical 
men, has been an important factor 
in establishing Goodyear as “the 
greatest name in rubber.” 


Today’s greater dependence upon 
technology means that now, more 
than ever, Goodyear offers a world 
of opportunity to young engineers. 
The Goodyear Management Train- 
ing Program for Technical Gradu- 


THE GOODYEAR TIRE 
COMPANY 


ates will give you a solid foundation 
upon which to select a challenging 
career in research and development, 
design and production, sales and 
service. For, with 27 plants in the 
United States and 26 plants in 19 
foreign countries, Goodyear offers 
you the know-how, experience and 
security of the largest rubber com- 
pany in the world. 


For further information on your 
career opportunities at Goodyear, 
contact your Placement Officer or 
write: Technical Personnel, Dept. 
806-W, The Goodyear Tire & Rubber 
Company, Akron 16, Ohio. 


Recreation a Major Activity at Goodyear 


“All work and no play makes Jack a dull boy.” Here at Goodyear 
employees have the finest in gymnasium, bowling, theatre and other 
hobby space and equipment. Just one example, the Goodyear basketball 
team, provides players and spectators alike with an exciting season in 
one of the fastest circuits in the country. With so many varied leisure 
time activities, Goodyear people have no difficulty in finding adequate 
and interesting recreation with friends having similar interests. 


There’s a world of opportunity at 


ide 


Iceguard—T.M,. The Goodyear Tire & Rubber Company, Akron, Ohio 
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A Challenge... 


HIGH SCHOOL 
RESEARCH 


—————__—— 


In the belief that a creative spirit should be encouraged at the earliest 
possible period, the ILLINOIS TECHNOGRAPH introduces a new contest 


to stimulate research at the high school level. 


The contest is open to all students in accredited high schools in Illinois 
and will consist of an original research paper of scientific nature or 
interest. Papers should involve research either in terms of experiment 


or with the use of reference material. 


Papers will be judged on originality, imagination, and clarity and 


organization of presentation. Illustrations such as diagrams, graphs 


or photos are encouraged but not necessary. 


20 THE TECHNOGRAPH 


eeerizes 


First Place — $25 


% Paper published in May ‘57 TECHNOGRAPH 
%* Free transportation to Champaign 


% Guest at annual TECH banquet 


Second Place — ‘15 


% Paper published in May ‘57 TECHNOGRAPH 


| THREE HONORABLE MENTIONS | 


Papers are to be submitted not later than March 15, 1957 to: 


Editor 

ILLINOIS TECHNOGRAPH 

c/o Illini Publishing Company 
620 East John Street 


Champaign, Illinois 
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100,000 
ALLISON ENGINES 
1931-1956 
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Today’s powerful turbo-jet and turbo-prop engines 
are a far cry from the aircraft engines of a mere 10 
years ago. 

But we’ve hardly scratched the surface. We’re still 
pioneering. 

Sure, the sound barrier’s been cracked. But, who 
knows, perhaps in the next 10 years we'll be flying at 
speeds 2 or 3 times the speed of sound. Newer, more 
complex, more powerful engines ARE in the offing. 
There'll be new fields to conquer. For instance, the 
thermal barrier! 

Allison, a pioneer in the design, development and 
production of aircraft engines, now is working on 
advanced design turbine engines to meet future re- 
quirements ... whatever they might be. Proven fea- 
tures of engines like the Allison J71 and T56 may be 
adapted to the engines of tomorrow. Allison engines 
of the future will be backed up with worlds of ex- 
perience gained in the development and production 
of its first 100,000 aircraft engines. 


Now, Allison is in the midst of a $75 million ex- 
pansion program in engineering research and de- 
velopment facilities. Completion of the program will 
give Allison one of the world’s most complete, best- 
equipped, centers for the development of new, high 
performance turbo-prop and turbo-jet aircraft en- 
gines. This opens new and unlimited opportunities 
for young graduate engineers, for the program— 
financed by General Motors—creates an immediate 
need for a 40% increase in engineers. 


Bed kee OX 


Want to know more about YOUR career oppor- 
tunities at Allison? Why not arrange now for an 
interview with our representative on your campus. Or, 
write for information about the challenging work 
awaiting you at Allison: Engineering College Con- 
tact, Allison Division, General Motors Corporation, 
Indianapolis 6, Indiana. 
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NAPHTHA 


REFORMATE 


RECOVERY 


EQUIPMENT 


HYDROGEN 


The diagram, with a minimum number of reactors, illustrates cyclic 


regeneration. Piping arrangement permits the swing reactor to substitute 
for any other reactor in the system. High activity of catalyst is maintained 
—without interrupting production—in the ULTRAFORMING process. 


HOW TO KEEP *1,000,000 WORTH 
OF CATALYST ON THE JOB 


When you have a million dollars’ worth of 
platinum catalyst in a single refinery unit, you 
hope you can keep it steadily on the job. That’s 
too much money to be standing around idle. 
Also, you’d like to keep the catalyst working 
at high efficiency. 

Most catalysts lose activity with use. The 
platinum that “reforms” 40-octane gasoline to 
100-octane gasoline is no exception. And the 
higher the octane number, the faster the cat- 
alyst loses activity. 

For years activity could be restored only by 
taking the catalyst out of the unit and sending 
it away for special treatment.To keep from hav- 
ing too many of these shutdowns, refiners had 
to operate at relatively low octane numbers. 


Standard Oil research scientists came up 


with a better answer. They developed a new 
type of platinum catalyst, and they learned 
how to regenerate it repeatedly—while it is 
still in the unit. When a swing reactor is pro- 
vided, the unit need not even be shut down. 
The new process is called ULTRAFORMING. 


During a year of ULTRAFORMING at Texas 
City, one reactor was regenerated 53 times. 
The unit is still producing 100-octane gasoline. 


ULTRAFORMING also gives high yields of 
by-product hydrogen. The hydrogen can be 
used in upgrading other oil products. Or, it 
can be reacted with nitrogen from the air to 
make ammonia. 

ULTRAFORMING is only one of the many 
major achievements credited to the scientists 
who have made careers at Standard Oil. 


Standard Oil Company  (stanparp 


910 South Michigan Avenue, Chicago 80, Illinois 
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By George P. Hicks, L.A.S. ‘59 


It is very interesting to note that the 


history of hypnosis has records dating < 


back to 3000 B.C. Hypnotism has been 
developed from the strictly religious sys- 
tems of the Egyptians, Persians, and 
Hindus into the most elaborate theories 
of modern day psychology. The first 
effort to bring hypnotherapy within the 
reach of science was by Anton Mesmer 
during the eighteenth century. Mesmer 
derived his theory of hypnotherapy 
which was based on the disturbances of 
certain “universal fluids” in which man 
and all the planets were supposed to be 
immersed. Mesmer brought about his 
cures by the use of magnets. Thus it is 
not strange that Mesmer thought that 
the healing power was in the iron rods 
held by patients. 


The next important step in the de- 
velopment of hypnotherapy was when 
the “mesmerists” split among themselves 
into two groups. One group was de- 
voted to seeking a theory of hypnosis 
with a scientific or rational basis. The 
other group was interested in developing 
“mesmerism”’ as an aid to clairvoyance, 
i.e., the perception of events without the 
use of known senses. 

The major turning point of the his- 
tory of hypnotherapy came about dur- 
ing the fifth decade of the nineteenth 
century when an English doctor, James 
Braid, devoted himself to the re-examin- 
ation of the “‘mesmeric phenomena.” 
Being one of the very worst skeptics of 
hypnotherapy at first, Braid first 
thought that Mesmer’s results were only 
attempts to “excite’ or “depress” the 
“nervous energy’ of the patients. Later, 
when Braid’s skepticism had diminished, 
he believed that the answer to the prob- 
lem was to be found in the physiological 
processes. He later left this idea with 
the statement that the answer was in 
the psychological character of the phe- 
nomena. It seems that Braid only began 
to scientifically attack the factors in- 
volved in hypnosis. A bitter struggle 
between the “physicalists” and the “sug- 
gestionists’”’ was to follow. The “physi- 
calists’ were led by J. M. Charcot. 
Although Charcot’s work was mostly 


HYPNOTISM 


experimental and his observations were 
limited to twelve hysteric psychics, his 
emphasis on facts and his prestige as 
a neurologist made him the main com- 
petitor to the “suggestionists.”” On the 
other hand, the ‘‘suggestionists” of the 
School of Nancy were led by H. Bern- 
heim and A. Liebault. The “suggestion- 
ists” won the dispute as is probably well 
known, for even the layman now rec- 
ognizes that hypnosis is a product of 
the power of suggestion. 

The following history of hypnother- 
apy mostly involves individual attempts 
to use hypnosis in psychotherapy and 
to devise a system of practice within 
which to operate. The final and critical 
step was taken by Sigmund Freud. Be- 
cause of Freud, hypnosis and hypno- 
therapy were, for the first time, able 
to be viewed as rational phenomena con- 
ceivable by scientific psychology. It is 
unfortunate for the development of hyp- 
notherapy, but Freud rejected the pre- 
vious theories to search out his own 
answers to the hypnotic phenomena. 

Since the work of the men mentioned 
and many others which have not been 
mentioned, little has been done to ex- 
plain hypnosis or to develop it as an aid 
to modern psychology. Attempts to ex- 
plain hypnosis by physical or neuro- 
physical processes have failed. Because 
of these failures, research has uncovered 
psychological factors which science is 
now only beginning to understand. 

There are at least six methods of ap- 
plying hypnosis therapeutically. These 
methods are as follows: prolonged hyp- 
nosis, direct suggestion of sympton- 
disappearance, direct suggestion of the 
disappearance of attitudes underlying 
symptoms, reliving painful experiences, 
hypnoanalysis, and special techniques. 

For treatment by prolonged hypnosis, 
the patient is kept in as deep a sleep 
as is possible to induce for up to several 
days. It is obvious that this particular 
technique would require the care of a 
nurse or some attendant and therefore 
is not very popular. 

Direct suggestion is the oldest and 
most widely used method of hynotherapy. 
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_ This technique involves the simple 
straight-forward suggestion that the 
symptoms of whatever the treatment is 
for will leave. There have been relapses 
from treatment by this method, but they 
do not exceed the number of relapses by 
any other method of treatment. An ex- 
ample of this method would be in the 
case of the college student who had se- 
vere headaches for five years due to an 
eye injury. Under hypnosis, it was sug- 
gested to him that his headache would 
leave by the time the hypnosist counted to 
ten and would be gone permanently by 
the count of twenty. And thus it was. 
Almost every case which would now be 
called psychosomatic has been reported 
as treated successfully by direct sugges- 
tion. Only to mention a few, some cases 
which might be expected to respond to 
direct suggestion are the removal of 
warts, menstrual disturbances, skin dis- 
cases, migraine headaches, epilepsy, and 
even some symptoms of known organic 
origin. Some cases which are not suitable 
for treatment by direct suggestion are 
phobias, insanity, and speech correction. 
Speech correction has been acquired fre- 
quently by direct suggestion, but it is 
not considered presently as the correct 
method. The fact that a deep state of 
hypnosis is required for direct suggestion 
is one problem which arises in this type 
of treatment. On the other hand, not 
much skill is required of the operator 
to use this method. 

The removal of symptoms does not 
necessarily eliminate the main cause ot 
the disease and thus a third method of 
treatment is introduced. For a cure of 
a disease it is suggested that the causes 
of the disease leave. This suggestion will 
in turn eliminate the symptoms. This 
method requires much skill on the part 
of the operator to determine the exact 
cause of the disease. For this reason, 
this method is not used widely. 


Another method of treatment, es- 
pecially for cases like shell shock, is the 
reliving of painful experiences. By al- 
lowing the patient to relive an experi- 
ence under hypnosis which is the cause 
of his condition, the condition is often 
improved or cured. As has been said, 
this method is very effective in shell 
shock. For example, take the case of 
the soldier whose right hand shook con- 
stantly. On reliving his experience, it 
was observed that he was in a pit firing 
a machine gun with shells exploding 
near him. He was firing the gun, which 
of course was shaking his hand, when a 
second person in the pit lost his head. 
The patient’s right hand shook violently 
and then stopped. Evidently, the element 
causing the right hand to shake had been 
released. 

The two methods left are hypno- 
analysis and_ specialized hypnotic tech- 
niques. Hypnoanalysis is simply the com- 
bination of hypnosis and psychoanalysis. 
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A patient will usually reveal deeper 
rooted ideas under hypnosis than by 
psychoanalysis alone. Sometimes, how- 
ever, it is not such a valuable method 
because the patient does not realize what 
he says. The last method of specialized 
techniques involves the creation of any 
practical unique method which — the 
trained operator can dream up. 

Some examples of applied hypnother- 
apy are the following: 

1. The patient was a British boy who 
had Ichthyosis which is one of the 
most hideous diseases imaginable. 
The disease is sometimes called the 
fish disease because of the black 
casting which forms on almost the 
entire body. The boy’s skin was 
covered with black bumps as hard 
as fingernails. Whenever the boy 
would bend the scales, they would 
crack and “ooze a_ bloodstained 
serum.” Neither the cause nor the 
cure of this disease is known. Skin 
grafting and treatment failed to do 
the boy any good. An English hyp- 
notist suggested to the hypnotized 
boy that “the left arm will clear.” 
The left arm cleared within five 
days. The other parts of the body 
were cured likewise. 

2. A man thirty to thirty-five years 
old at Wayne County General 
Hospital in Eloise, Michigan, suf- 
fered a complete loss of memory. 
Whenever the patient saw red he 
saw fire. It turned out that he felt 
guilty about the death of a fellow 
worker who had died in a fire, 
from which the patient and_ his 
friend tried to save some livestock. 
With this information, the patient’s 
memory was restored by hypnosis 
and the patient put on the road 
to recovery. 

. The patient was a girl age sixteen 

whose case was diagnosed as Epi- 

lepsy, Chlorosis, and Anemia. 

Treatments by five doctors in her 

city failed to help her. After four 

suggestive treatments, she had no 
more trouble. 

4. A fifty-eight-year-old man had a 
psycho-nevcotic paralysis. He had 
been taken with an apoplectic sei- 
zure ten years earlier, from which 
the paralysis in his leg resulted. It 
was suggested to him under hyp- 
nosis that he could use his leg. He 
raised his leg. He was then awak- 
ened to find himself using his leg. 
From then on he could use his leg. 

5. For fifteen years a fifty-eight-year- 
old man had had a chronic bron- 
chitis. Occassionally he had some 
asthma too. At the time of the hyp- 
notic treatment he also had acute 
pneumonia. He was easily hypno- 
tized, being desperate for help. It 
was suggested to him that the pain 
in his lungs would go away and 
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his fever would lower. The sugges- 
tion was given to the patient on the 
fifth day of his illness, and on the 
ninth day his lungs had cleared. It 
was established two years later that 
after two or three treatments the 
patient also had no more attacks 
of asthma. 


The above cases which are presented 
are only a very small part of the cases 
which have been treated successfully. A 
few other successful cases of which de- 
tail will not be given here are those of 
persistent vomiting, sciaticia, typhoid, 
pulmonary tuberculosis, malarial fever, 
and other acute infectious diseases. It 
should be pointed out that there is more 
or less a neurotic or hysterial element 
in all acute diseases which can be con- 
trolled by suggestion. 

The direct cure of disease and the 
relief of symptoms is only one area of 
the use of hypnosis in medicine. Using 
the same methods of hypnotic sugges- 
tion, many other results may be ob- 
tained. For example, hypnosis is used 
in surgery. The following are some il- 
lustrations for such a use: 


1. The patient was a young woman. 
She was to have a rather serious 
breast operation. Since the patient 
had had some previous experience 
with hypnosis in minor dental 
surgery, she was given the choice 
of using hypnosis for the more seri- 
ous operation. She chose hypnosis. 
The patient was hypnotized and 
told that within the ring which 
was drawn on her chest there would 
be no sensation of feeling. Surgery 
was started. If the doctor would 
venture outside the ring, pain 
would result. After the operation 
the patient thought that she had 
been asleep only a few minutes. The 
time was actually an hour and 
twenty minutes. She was told that 
she would have no pain on waking 
unless it was the result of foolish 
movements. The patient had no 
after affects and was allowed to 
sip sherry right after the operation. 

2. Dr. Ward English, a surgeon, re- 
ported that he amputated a_pa- 
tient’s leg with no pain while the 
patient was under hypnosis. 

Other cases such as dental surgery, 
painless child birth, dressing of wounds, 
and operation of adenoids are reported. 
Before the discovery of ether, Dr. Es- 
dalle reported that he had used hyp- 
nosis successfully on approximately three 
hundred surgical patients and reduced 
the death rate by fifty per cent. 

It is possible to regress people back 
to childhood. It was reported by Robert 
M. True of the University of Vermont 
College of Medicine that he had some 
success in age regression. He first asked 
a group of people who were not hypno- 
tized to recall the days of the week of 
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Industry constantly asks why things 
are done the way they are... to see if 
there is a better, less costly way. 
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Latest ideas for developing welded 
steel designs are available to engineer- 
ing students by writing for Elements 
of Machine Design. 
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their fourth, seventh, and tenth birth- 
days and Christmases. Almost none 
could answer. Under hypnosis, of forty 
men and ten women, eighty-two per 
cent answered the question correctly. 
This could illustrate the value of hyp- 
nosis in psychoanalysis where the pa- 
tient is able to answer more thoroughly 
the doctor’s question. 

In the opposite direction, some experi- 
ments have been done which indicate 
that the hypnotized person might tell 
of future events. These experiments 
have been reported by Drs. Robert 
Rubenstein and Richard Newman _ of 
the Yale University School of Medicine. 
A medical student described an emer- 
gency case in great detail which was 
said to be dated 1963. However, it is 
cautioned that the subject could make 
up the events to please the operator. 
This does not hold true for the reliving 
of painful events. 

A very general view of hypnosis as 
applied to medicine has been given. To 
further amplify the information as to 
what can and has been done with hyp- 
nosis in medicine, the following list is 
presented: to make a person quit smok- 
ing or drinking, to help or cure stutter- 
ing, to cure psychical impotency, nausea 
and vomiting of pregnancy, bed-wetting, 
homosexuality, over weight, high blood 
pressure, arthritis, nail-biting, drug ad- 
diction, and many others. 

Despite all the material presented in 
favor of hypnosis, many misconceptions 
still exist. It is only fair, however, to 
also present the.limitations put on hyp- 
nosis. In answer to the two preceeding 
statements, it would be logical to start 
by telling what hypnosis is. Hypnosis is 
a “self-induced psychological condition.” 
Contrary to popular belief, the individ- 
ual is not hypnotized, but he hypnotizes 
himself by the direction of the operator. 
The individual must be willing to ac- 
cept suggestion. This brings forth the 
question of who can be hypnotized. 

A person who can be hypnotized is 
not feeble-minded. It usually takes a 
person of strong will and _ intelligence 
to make the best hypnotic subject. Many 
misconceptions of hypnosis are due to 
stage demonstrations. A person may ap- 


pear to be under complete control of 
the operator, but the subject will. not 
do anything which he considers against 
his basic moral principles. A person can- 
not be made to steal or murder. (If 
these acts are against the individual’s 
basic principles.) It may be considered 
that a person under hypnosis is not 
really asleep. The question may occur 
here about the possibility of a subject 
not waking up. If the subject fails to 
wake on command, he will fall into 
natural sleep and awake by himself. 
It may have been noticed that there 
was a tendency to suggest actions to the 
subject which are to take place after 
waking. For example, in the breast op- 
eration it was suggested that there would 


be no undue pain after waking. This 


is called post-hypnotic suggestion. No 
suggestion that a hypnotist makes has a 
lasting impression. It has been reported 
that suggestions have been one hundred 
per cent effective for as long as a year. 

Hypnosis has its limitations. Not 
everyone can be hypnotized. There ex- 
ists in all people a resistance to being 
hypnotized. However, fairly good re- 
sults have been attained and as a result, 
hypnosis has always held a position in 
medicine somewhere. As pointed out 
previously, hypnoanalysis reveals to the 
psychiatrist details about the patient, but 
the patient himself cannot recall saying 
anything. Psychoanalysis developed out 
of the work of Freud and his colleague, 
Breuer. Because psychoanalysis is hard 
to control under hypnosis though, Freud 
himself discarded it for free association, 
In the waking state, deeper ideas are 
revealed to the patient. 

Hypnosis presents a wide and inter- 
esting field for the curious mind. I be- 
lieve that hypnosis will someday become 
the answer to many problems the world 
faces today. As I see it, hypnosis is not 
a cure-all, and it has its disadvantages, 
but the advantages far over-shadow the 
disadvantages. 

It is amazing how science can use 
such a powerful tool and not even know 
what it really is. I wonder what would 
happen if science would yield to hyp- 
nosis instead of hypnosis having a lot 
of laws superimposed on it by science. 
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ORTON CITY, the largest single indus- 
N try in Worcester, Mass. and the 
world capital of the abrasives industry, 1s 
a big bustling community of thousands of 
skilled workers. 

It is still growing. Yet one thing is cer- 
tain. Norton City will never be too big for 
the men and women who compose it — 
never so large that they will feel lost 
among so many others. 

Because the Norton success story 1s 


stories, in which opportunity for all is 
the ever-present theme. 


Your Own Success Story 

can have no more favorable or congenial 
background than you'll find at Norton 
City. For Norton, as the largest manufac- 
turer of abrasives and related products, 
serves not only every manufacturing 
field but supplies materials for the great, 
modern developments of nuclear science 
and jet and rocket propulsion. 

That is one reason why your oppor- 
tunities are practically unlimited at 
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Norton — with training, facilities and 
surroundings planned to give all possible 
encouragement to individual progress. 


Engineering At Norton 
offers many inviting opportunities — 
particularly in the mechanical, chemical, 
ceramic and industrial fields. Research 
and development offer constant chal- 
lenges to Norton scientists, and this 
company’s long record of “firsts”’in tech- 
nical advancement is proof of how suc- 
cessfully these challenges have been met. 

Other attractive openings here are in 
technical sales, finance and administra- 
tion. In planning your own future — 
technical, business or a combination of 
the two — you will do well to consider 
the established leadership and far- 
ranging scope of the Norton world-wide 
organization. 


Let’s Get Acquainted 
The new illustrated brochure ‘' Your 
Future With Norton” tells you a good 
deal about Norton City, It describes the 


products made there and what they’re 
used for. It charts the Norton organiza- 
tion on the world map. But best of all, it 
gives you an insight 
into the lives of 
Norton folks, at 
work and at play. 
Write for your free 
copy to Director of 
Personnel, Norron 
Company, Worcester 
6, Massachusetts. 


NORTON 


ABRASIVES 


Gulaking better products... 
to make your products better 


NORTON PRODUCTS: Abrasives © Grinding 
Wheels © Grinding Machines «© Refractories 


BEHR-MANNING PRODUCTS: Coated Abrasives 
Sharpening Stones @ Pressure-Sensitive Tapes 
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onstruction of the... 


Egyptian Pyramids — 


By Ronald Fox, M.E. ‘59 


Of the original fabled seven wonders 
of the ancient world, one remains stand- 
ing today; the pyramids of Egypt. What 
led to these gigantic creations of man 
being built and why have they alone 
withstood the ravages of later men and 
time? How could they have even been 
conceived and then actually constructed 
on such a vast scale with the powers that 
man had over 5,000 years ago? 

Vast numbers of men and enormous 
quantities of materials supply the an- 
swer to one of these questions. The 
minds of ingenious engineers, a mere 
handful of them, answer another. But 
no one can accurately say why they still 
stand, scarred, it is true, but still ma- 
jestic and silently guarding the Sphinx 
and the Nile and the empty tombs of 
their destined occupants. 

Sixty or seventy of these enormous 
monuments have been standing for 
5,000 years offering mute testimony to 
the greatness of the dyansties of ancient 
Egyptian civilization. 

The building materials were huge 
blocks of granite used on the interior 
of the superstructure in order to 
strengthen the ceilings of the chambers 
and to provide added stability to the 
more important parts of the structure 
that were to be subjected to great 
stresses. A few of the pyramids were 
finished on the outside with granite, 
but the hard rock was impractical be- 
cause its surface was difficult to finish. 
An added problem was the fact that it 
had to be transported from several hun- 


A view from the summit of the Great 
Pyramid. Note the missing casing 
blocks in the opposing pyramid. Most 
of the missing blocks were used by 
the people to build houses in the 
nearby cities. 
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dred miles up the Nile, further compli- 
cating this massive construction project. 
The casing of the majority of the pyra- 
mids, therefore, consisted of fine white 
limestone, but through the years, the 
monuments lost most of their facing to 
pillaging builders of latterday  struc- 
tures. The limestone was also used on 
the walls and floors of the chambers 
and passageways. 

Quarrying the huge blocks introduced 
many problems. Workers at the quarry 
had to shape the limestone blocks to ex- 
actly the engineers’ specifications. These 
were not mere primitive guesses, but 
dimensions of an accuracy to within 
1/1000 of an inch. The only measuring 
devices the men had were sticks and 
knotted ropes. When two blocks were 
fitted together, the distance between 
them was only 1/50 of an inch, not even 
enough room for the blade of a modern 
jack knife. 

Man’s wit solved the problem of 
transporting the blocks from the quarry 
to the construction site. Man’s wit and 
nature’s unvarying strategisms. The an- 
nual flooding of the Nile was used as 
a transport medium for the blocks. As 
the river rose, the distance between it 
and the construction site was shortened. 
Many hours of pulling and dragging 
the limestone blocks over land were thus 
saved. Hollywood productions have 
shown the blocks being dragged on and 
off the boats with the use of block and 
tackle. There is no evidence that the 
Egyptians had any knowledge of the 
pulley at the time of the construction 
of the pyramids. 

Embankments were built around the 
construction site, and the resulting en- 
closure was filled with water. The engi- 
neers used the water level as a guide 
and measured a selected depth at vari- 
ous points throughout the base. The 
workers then dug pits to the given 
depth, so that the bottoms would be at 
the same level. 

Perhaps the greatest aid to the con- 
struction of the pyramids was one of the 
fundamental machines, the inclined 
plane. These causeways were construct- 
ed from the Nile to the construction 
site, a distance of one-half mile or more. 
They were also built from the quarries 
to the river in order to raise the blocks 
high enough to place them in the deep- 
bottomed boats. The construction of the 
causeways was almost as much of a task 
as building the pyramids. Herodotus, the 
Roman historian, reports that the in- 
clined plane alone took almost ten years 
to build. 

Ancient inscriptions have been found 
in the pyramids which depict laborers 
dragging huge blocks on rough wooden 
sleds. The men would lay pieces of 
wood, smooth on one side, in front of 
the runners of the sled in order to de- 
crease the drag caused by friction. They 
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The first method of construction of the pyramids. The hieroglyphics on the 
bottom read: His majesty sent me to Elephantine to bring therefrom a gran- 
ite false door together with its offering-tablet, and doors and settings of 
granite; to bring granite doorways and offering tablets for the upper tem- 
ple (?) of my mistress (?), ‘The Pyramid, Merncre shines and is béautiful.’ 
Top: | have hewed for him a cargo boat in acacia wood of 60 cubits in its 
length, 30 cubits in its width, constructed in 17 days in the third month of 


summer; although there was no water 


on the sandbanks (the Nile was not 


in flood?), | landed in safety at ‘the Pyramid, Mernere shines and is 


beautiful.’ 


also poured oil or water on the wood 
to further decrease friction. 

After the leveling of the foundation, 
the workers hewed the tunnels and pass- 
ageways below the ground level and 
lined them with the limestone. The in- 
terior of the tomb chamber was finished 


with highly polished granite. Single 
stones reached from the floor to the 


ceiling, and the ceiling was formed with 
large slabs of this polished granite ex- 
tending from wall to wall. The chamber 
contained a sarcophagus, which might 
weigh as much as eighteen tons. Con- 


Do, 


The Sphinx standing guard over the Second Pyramid 


trary to popular belief, no bodies (mum- 
mies) have ever been found in a sar- 
cophagus or even in a pyramid proper. 
(These stone coffins probably were used 
either as a symbol of some kind or as 
a means to mislead robbers.) After the 
lid of the sarcophagus had been put into 
place, the work on the superstructure 
began. 

Over the years most of the pyramids 
have lost their outer shell so that one 
may see the different stages of construc- 
tion that were used in the building of 
the monuments.No actual records of the 
construction have been found, but with 
the knowledge of the use of the cause- 
ways and the evidence of the “stage con- 
struction” method, a general theory has 
been developed. 


The oldest remaining tombs in Egypt 
are not the pyramids, but their prede- 
cessors, the Mastabas. These were 
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masonry structures with sloping walls 
and flat summits. The Mastabas con- 
tained chambers as well as mummy com- 
partments. The structure became higher 
and higher by adding layers of masonry, 
and eventually a smooth finished surface 
of stone was applied to the rough blocks, 
so that the true pyramid form appeared. 
Curiously enough, the Mastabas are 
richer than the pyramids in information 


on the times and customs of the dead 
occupants. Some ancient records state 
that the surface of the pyramids were 


covered with inscriptions, but strong 
evidence casts doubt on this hypothesis. 
In any event, the covering stones are 
lost. Mastabas varied greatly in size, 
from 250 to 12,000 square feet. The 
chapel or offering-chamber was some- 
times elaborated into a series of rooms 
or columned halls, their walls covered 
with sculptured and painted scenes de- 


picting the offering ceremonies. Often 
the pleasures the owner had experienced 
in his lifetime were also painted on the 
walls. A second feature of the tomb 
was the secret statue chamber. This 
chamber was usually somewhere in 
proximity to the offering chamber. The 
two chambers were connected by a thin 
slot so that when the dead owner came 
back for his second life he might look 
at the statues and remember his family. 
Deep beneath the superstructure, 
reached by a shaft perpendicular to the 
tomb-structure, was a burial chamber 
sometimes 90-100 feet deep. This cham- 
ber was sealed either by a great port- 
cullis or by blocking the doorway with 
masonry. The shaft was then com- 
pletely filled with rock and gravel in 
.order to discourage the tomb robbers, 
Our chief knowledge of the life of the 
Egyptians of the Old Empire is derived 
from the pictures on the walls of the 
chapels, which were accessible from 
without, and were intended as deposi- 
tories for the sacrificial gifts and incense 
offerings brought by the descendants of 
the dead king. 

The architecture of the core of the 
pyramids evolved from the shape of the 
completed Mastabas. Engineers  de- 
veloped the step pyramid by adding 
additional sloping walls to the main 
structure of the Mastaba. The true 
shape of the pyramid was then con- 
structed on top of the step pyramid by 
filling in the steps with casing blocks. 
The core was built in courses by piling 
block upon block and finally finishing 
the surface to a smooth texture in order 
to provide an accurate surface from 
which to take measurements. This meth- 
od of finishing each new surface was 
later abandoned because of the wasted 
time and labor. It also required contin- 
ual shifting, tearing down, and build- 
ing up of the causeways. 

The Egyptian engineers soon found a 
new way to build the pyramids. They 
started at the ground level and built 
the structure in courses. Layer by layer 
the stones for the core, the inner faces, 
the packing blocks, and the casing blocks 
were laid into place. Then the inclined 
plane was built higher and work began 
on the next course. The engineers still 
kept their accuracy by measuring from 
the outer surface to the inner surfaces. 
The blocks were hauled up the causeway 
and were eased into position by the use 
of levers. There was no cement used 
to bind the blocks together, but mortar 
was used to slide them into their places 
with greater ease. It was probably dur- 
ing the laying of the courses that the 
chambers and passageways fere formed. 
The heaviest of the blocks were used as 
ceilings for the various chambers, some 
weighing as much as sixty tons. 

The slope of the sides was always at 
an angle of fifty-two degrees with the 
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horizontal. This angle was attained by 
measuring a_ horizontal distance of 
eleven against a vertical distance of four- 
teen. In order to correct the edges from 
being constructed with a twist, the engi- 
neers found a point outside the base and 
projected lines up the edge to the course 
under construction by sight poles and 
plumb lines. 

When the structure was finished, a 
task requiring fifteen to twenty years, 
the workers dressed off the outside to 
a smooth finish. The workmen did this 
job on scaffolding thirty feet high so 
they were able to check their accuracy 
with plumb lines and sight poles. 

Four major stages of construction 
were employed in obtaining the com- 
pleted pyramid 

1. The basic core, 

2. The internal faces, 

3. The packing blocks, 

4. The casing blocks. 

Perhaps it would be interesting to re- 
trace the steps taken by one of the great 
Egyptologists in excavating a pyramid 
to find the inner chamber. Sir Flinders 
Petrie, a stubborn, unyielding archae- 
ologist, in 1889 discovered an unopened 
pyramid along the Nile. He looked for 
the entrance in the usual place—on the 
north side—but failed to find it there. 
It was not on the east side so he decided 
to dig a tunnel straight through the 


masonry to the burial chamber. For 
many weeks he dug, with limited facili- 
ties and far from the nearest town, only 
to discover when he finally reached the 
chamber that the tomb robbers had been 
there first. Petrie found a burial urn 
made of alabaster, and he realized he 
had discovered the burial place of Am- 
enemhet III, one of the rare peaceful 
rulers of ancient Egypt. 

Petrie’s next thought was to discover 
the original entrance to the tomb, and 
to retrace the steps of the robbers. 
Crawling through dirt, mud, and seep- 
ing ground water, Petrie finally did 
find the original entrance. Contrary to 
all previous findings it was on the 
south side of the pyramid. As Petrie 
traced the route used by the robbers he 
found all sorts of obstacles, some of 
which he believed he could not have 
solved. Where stairs had ended in a 
blind chamber the thieves had apparent- 
ly discovered that the way to go was up 
through the ceiling. One whole ceiling 
was a huge trapdoor. After they cleared 
a corridor which was filled with large 
blocks of stone, again there was a door- 
less chamber. The robbers must have 
dug for months and possibly as long as 
a year, with the constant fear of being 
surprised by priests or people bringing 
offerings. Yet they managed to master 
every trick built into the pyramid to 


confuse plunderers and, when they left, 
they sealed up the tomb so that the 
entrance went undetected until Petrie 
found it, in reverse. 

It was the efficient organization of 
the Egyptian manpower which enabled 
the engineers to achieve their spectacular 
success. The work force was elaborately 
divided into many gangs, each one with 
its specific job to accomplish. This 
thoroughness of planning was necessary, 
for time became an important factor in 
the construction of the pyramids. For 
each king there was the possibility of 
dying before his monument was ready. 
This only added to the urgency of the 
engineers’ task, which already included 
many problems, ranging from designing 
the structure itself, to the procurement 
and transportation of materials, to pro- 
viding for the workers’ needs. Even re- 
ligious ceremonies occasioned important 
interruptions. The pyramids give silent 
evidence that these problems were met. 
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CONSISTENCY; FIRMNESS AND STABILITY; important characteristics not only for toothpaste but for 


many pharmaceuticals, cosmetics, and other preparations, can be obtained with purified Hercules® 
cellulose gum. An unusually effective water-binder, Hercules cellulose gum has exceptionally high 
purity (99.5+%) and meets the specifications of the Toilet Goods Association. 
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FROM SHIPPING CONTAINERS to individual packages, Hercules paper 
making chemicals play an important role in improving performance. 
Kymene® wet-strength resin, for example, can “‘weather-proof” 
corrugated boxes while Aquapel® or one of Hercules’ many grades of 
rosin size provide water resistance and an improved printing surface. 
Solving difficult paper sizing problems has been a Hercules specialty 
for more than forty years. 


HERCULES POWDER COMPANY 


INCORPORATED 


968 Market St., Wilmington 99, Del. Sales Offices in Principal Cities 
SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 
EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS 
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PLASTIC-COATED DUPLEX WIRE is used in this type of electric blasting 
cap assembly. The insulation has to be particularly tough since the 
wire assembly is used to lower charges of explosives into blast holes 
100 feet or more in depth. The plastic coating on these wires is 
Hercules Hercocel® E, providing excellent insulating properties, 
good flexibility, and other physical characteristics to meet rugged 
field requirements, 


HERCULES 


CHEMICAL MATERIALS FOR INDUSTRY 


THE TECHNOGRAPH 


BECHTEL CORPORATION 


220 BUSH STREET 
SAN FRANCISCO 4, CALIFORNIA 


BUILDING FOR THE FUTURE... 


Choosing your lifework in engineering is one of the most im- 
portant decisions you will ever be called upon to make. You 
will do well to investigate a career in engineering for heavy con- 
struction—a highly rewarding and challenging field. If taking 
part in the creation of tomorrow’s facilities for the petroleum, 
natural gas, power and metallurgical industries interests you, 
write to me today. Bechtel offers outstanding opportunities 
to young engineers with the required qualifications. Address: 
JOHN F. O'CONNELL, 


Vice President 


BUILDERS FOR INDUSTRY + LOS ANGELES « SAN FRANCISCO » NEW YORK 
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-$25 Awards 


Two cash awards of $25 each will be awarded to 
the author of the best TECHNOGRAPH staff arti- 
cle and the best non-staff article submitted to the 
ILLINOIS TECHNOGRAPH. 


Rules: 
1. Articles must be submitted by the author not later than March 15, 1957. 
2. It must not have been previously published. 
3. It must pertain fo engineering in some way. 
4. All articles must be doublespaced typewritten. 
5. Technograph staff members are eligible for only one of the prizes. 
6. Some articles will be printed in the TECHNOGRAPH. 
7. None will be returned, but they will be kept on file and may be printed 


later. 
8. Please include pictures, if possible, and permission for us to use them. 
9. Any number of articles may be submitted by the same author. 


10. The Technograph editorial staff will be judges for the non-staff articles. 


1. Ten typewritten pages with pictures makes three pages in the magazine. 
2. Use rhetoric department punctuation and capitalization. 


3. Many national companies will be glad to send you photographs ‘and in- 
formation. 


4. Get started now and get several articles written and submitted by 
March 15, 1957. 


> > 
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Here they are . 


1955-56 TECHNOGRAPH 


$25 Award Winners 


During the past year, [/linois Technograph has conducted a contest for the best 
staff article and the best article submitted to the magazine by a non-staff member. The 
authors of each of these were to receive $25 in cash. After careful deliberation by a 
panel of five judges, the winners were chosen just before publication time. They are 
Jim Piechocki for best staff article and Frederic Rosenbaum for best non-staff article. 
The judges, Paul LaViolette, editor; Harry Hirsch, associate editor; Prof. Robert 
Bohl, adviser to the magazine; John H. Hamilton, Department of English; and Paul 
McMichael, general manager of Illini Publishing Co., made their choices from articles 
submitted from October, 1955, to April 10, 1956. From three articles in each division 
chosen by each judge, they picked the top articles in each category. 


JIM PIECHOCKI 
The byline “Jim Piechocki, Aero- 


nautical Engineering, 1955” has been a 
familiar one to Technograph readers for 
quite some time. Jim joined the staff 
while at the Navy Pier branch, trans- 
ferring to the Urbana campus in Feb- 
ruary, 1954. When the judges met to 
pool their decisions, they discovered that 
the top three staff articles had all been 
written by Jim. Therefore, he receives 
his award for no particular one of his 
many fine articles, since they couldn’t 
agree on which was the best. From the 
November to the February issue, Jim 
wrote the following articles: ‘“The 
Strike of the U-9,” the story of the first 
modern submarine in combat; “The 


JIM PIECHOCKI 
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Race of the Century—From New York 
to Paris,” the story of early auto racing; 
“Lighter Than Air,” a study of air- 
ships from the earliest to the ill-fated 
Hindenburg; and ‘““How Sweetly Flows 
the Boneyard,” a light-hearted treatise 
on Boneyard Greek. 

Jim, as Technograph’s associate editor 
last year, found time to help other staff 
members with their articles, while he 
wrote. His other activities included 
chairman of the Institute of Aeronauti- 
cal Sciences, chairman of Engineering 
Council and track manager at Navy 
Pier. On the Urbana campus, he was 
IAS vice chairman and chairman as well 
as in charge of the exhibits of the Aero- 
nautical Engineering department at the 
1955 Engineering Open House. He di- 
versified his journalistic talents by edit- 
ing the paper of Newman Club, the 
Cardinal. 

Since graduation, Jim has moved to 
California, where he pursues his first 
love, aerodynamics, in the employ of 
Northrop Aircraft Co., at Hawthorne, 
Calif. 


is a 


FREDERIC ROSENBAUM 


“Frederic Rosenbaum, Electrical En- 
gineering, 1959” is a byline the editors 
of Technograph hope will be appearing 
in next year’s magazines. Far from 
being a graduate, Fred, another Chi- 
cagoan, is a first semester freshman en- 
rolled at the Navy Pier branch. His 
article was originally written as a Rhet- 
oric theme, then submitted in the T’ech- 


nograph contest. At present, Fred has 
no outside activities, being satisfied with 
‘Just getting his feet on the ground” at 
Navy Pier. He does not know when he 
will enroll at the Urbana campus nor 
if he will write for Technograph. He is 
sure of one thing—his interest in com- 
puters. He plans to go into the field 
upon graduation four years from now. 
Surveying the long pull ahead of him, 
however, he is not intimidated, feeling 
confident he will enter the field. 


Both Jim and Fred received their 
awards at the annual Technograph ban- 
quet, May 11, Jim in absentia and Fred 
in person. Fred attended the banquet 
with a delegation of Navy Pier staff 
members. 


FREDERIC ROSENBAUM 
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Rope-Lay 
Concentric 


In the ability to transmit electricity, all 
forms of matter may be divided into 
two general classes, namely, conductors 
and insulators. Conductors permit elec- 
tric current to flow readily; that is, 
they offer little resistance to its flow, 
whereas, insulators offer relatively great 
resistance to the flow of electricity. All 
substances at normal temperatures of- 
fer some resistance to the flow of 
electric current. In general, the metals 
are good conductors, while glass, 
oil and most organic substances are 
classed as insulators. Although silver 
offers the lowest resistance to the flow 
of electricity of the common metals, its 
cost is such that it is not widely used as 
a conductor. The conductors most gen- 
erally used in the cable industry are 
made of copper or aluminum. 

The manner in which electricity flows 
through elementary material may be 
readily visualized from the modern con- 
cepts of the structure of matter. Ac- 
cording to these concepts all elements 
are made up of minute indivisible part- 
icles called atoms. These in turn are 
composed of a positively charged nu- 
cleus around which one or more very 
small negatively charged particles, 
called electrons, rotate at high velocity. 
In conductors, some of these electrons 


The Importance of 
Electrical Conductors 


Concentric Stranding - 


are free to move when only a small dif- 
ference of potential is applied to the 
ends of the conductor and, since they 
are negatively charged, they flow to the 
positively charged end. This movement 
of electrons is electric current. 


In passing through conductors, the elec- 
trons must pass through the electron 
fields of many atoms. They thus collide 
with the atomic nuclei and other elec- 
trons. These collisions obstruct the flow 
of electrons and result in electrical re- 
sistance. 

The resistance of a homogeneous 
conductor of uniform cross-sectional 
area varies directly as its length and 
inversely as its cross-section, the length 
being in the direction of current flow. 
That is, R=pL/A where, R is the re- 
sistance in ohms, L is the length in the 
direction of current flow, A is the area 
perpendicular to the length and p is a 
constant of the particular material 
known as its specific resistivity. When 
the length and area are expressed in the 
same units such as L=one inch and 
INSONS Koei Moe, ISOs Wil or 
R =p, the specific resistance of the ma- 
terial in ohms per inch cube. 

The length and area of a conductor 
are generally expressed in other units 
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than inches. The most commonly used 
unit of cross-sectional area in the cable 
industry is the circular mil, usually 
designated as cir. mil or CM. This is 
the area of a circle whose diameter is 
One mil, 0.001 inch. The area of a cir- 
cular mil is */4 or 0.7854 of a square 
mil. The unit of length usually associ- 
ated with this unit is the foot and the 
resistance becomes ohms per CM-foot. 
The resistance of annealed copper and 
aluminum per circular mil-foot at 20C 
are 10.371 and 17.011 ohms respec- 
tively. The resistance of a copper con- 
ductor 64 mils in diameter and one foot 
long thus becomes 10.371 + 64? or 
0.00253 ohms. 


The sizes of electrical conductors are ex- 
pressed in the United States in terms of 
the American Wire Gauge. This was 
originally set up on the basis of a geo- 
metrical progression of 39 steps or sizes 
between a wire 460 mils in diameter 
(Size 4/0) and a wire 5 mils in diameter 
(Size 36). The ratio of the diameter of 
a wire to that of the next larger size in 
this series is3Y 460/5 = 1.12293. This 
ratio has since been used to extend the 
American Wire Gauge (AWG) to sizes 
smaller than 36 AWG (5 mils). The 
sizes of conductors larger than 4/0 are 
expressed in circular mil area. The size 
of a conductor made up of a number 
of wires is determined from the sum of 
the circular mil areas of the individual 
wires. 

When current flows through a con- 
ductor there is, according toOhm’s law, 
a voltage drop of E= IR, where E is in 
volts, I is in amperes and R is in ohms, 
and power equal to EI watts is con- 
verted to heat. Since E= IR, this power 
converted to heat becomes I?R watts. 


Electrical Wire & Cable Department 


United States Rubber 
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These two factors, voltage drop and 
conductor heating, are of prime impor- 
tance in the design of conductors. Con- 
ductors must be of sufficiently low re- 
sistance that the voltage drop does not 
become excessive. In good design this 
voltage drop should not exceed 3 per 
cent for power circuits or 1 per cent for 
lighting circuits. The conductors should 
also be large enough that, when carry- 
ing their current, their temperature 
does not exceed that for which their 
insulation is designed. This rated cur- 
rent is referred to as the current carry- 
ing capacity. The current carrying 
capacities of the various sizes of con- 
ductors and installation conditions have 
been established. It should be noted 
that the temperature attained by a con- 
ductor depends not only on the amount 
of heat generated but also on the ther- 
mal resistance of its surroundings. 


In addition to providing satisfactory 
voltage drop and current carrying ca 
pacity, conductors must be designed to 
provide adequate flexibility during in- 
stallation and service. This is accom- 
plished by building up the conductor 
from one or more adequately small 
wires, depending on the flexibility re- 
quired. For example, the conductor for 
heater cord or welding cable, which is 
subject to repeated flexing in service, is 
usually made up of copper strands hav- 
ing a diameter of .005” or .0063”, while 
the conductor for overhead weather- 
proof cable may be a single wire. 


For reprints of these pages write to 
United States Rubber, Electrical Wire & 
Cable Department, Rockefeller Center, 
New York 20, N. Y. 
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JIM PIECHOCKI 


LARRY KIEFLING 


Paul E. LaViolette, who has been the Technograph 
editor for the past year, will be receiving his 
B.S. degree in June. Originally enrolled in E.E., 
Paul transferred to D.D.S. and is in the Depart- 
ment of Geology. During his college career, Paul 
has been a member of the Rocket Society, Cyclo- 
them Club, the Engineering Council, and the 
Engineering Open House Committee. While with 
the Technograph for these past four years, he 
has also been business manager. After gradua- 
tion, Paul is planning to work as a geophysicist 
in the petroleum industry. 


Larry Kiefling, a native of Cowden, Illinois, will 
receive his B.S. in M.E. in June. Larry has been 
on the Tech staff for four years and has been 
the business manager for the past year. He has 
written several articles and features during this 
time. Larry is also a member of A.S.M.E., Pi Tau 
Sigma, and Tau Beta Pi. 


Jim Piechocki received his B.S. in Aero. E. in 
February. He is now working for Northrop Air- 
craft in California. A native of Chicago, Jim 
transferred to the Urbana campus from Navy 
Pier. While on the Urbana campus, Jim was 
active in |.A.S., Engineering Open House, and 
was editor of the Newman Club paper, the 
Cardinal. Jim has written several fine articles 
which have appeared in the Technograph. 


— 
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REMAINING STAFF 


Don Gorgi, the new business man- 
ager, will be a sophomore in elec- 
trical engineering next year. By 
working on the make-up staff this 
last semester, and serving as make- 
up editor of the final two issues 
for this year, Don has gained a 
great deal of information about 
the operation of the Technograph. 


Ke 


Technograph 1956-57 Staff. Left to right: Jack Sieb 


Harry Hirsch, next year’s editor, 
will be entering his senior year in 
electrical engineering. He was act- 
ing editor and associate editor of 
the magazine this semester. Not 
content with these activities, he is 
also a Daily Illini staff member and 
president of Sigma Delta Chi, the 
professional journalistic fraternity. 


ys 


and Pub- 
licity Director, graduated from De- 
catur High School in June, 1955, 
and joined the staff of the Tech in 
September, 1955. He is a freshman 
in M.E. and plans to go into sales 
after receiving his B.S. degree. 


Ronald Fox, Circulation 


Harrison, Frank Hunyday. Not shown: Phil Hicks, James Kries, Ronald Wendt. 
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The J-57, in the 10,000-pound thrust class, is the most powerful turbojet engine now in production. A new generation of U.S 
power has been designed around this mighty new Pratt & Whitney Aircraft engine, 
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North American’s 


The Douglas F4D Skyray, fastest Navy jet fighter, will be pow- 
ered with the big J-57 engine. 


I F-100 Super Sabre, fastest Air Force jet fighter, 
is powered by Pratt & Whitney Aircraft’s J-57 engine. 


First all-jet heavy U.S. Air Force bombers are the huge Boeing 
B-52s, powered by eight J-57s mounted in pairs. 


The Douglas A8D, the Navy’s most powerful carrier-based 
attack airplane, has two J-57 engines. 


Blazing the Way for a New 


Generation of Air Power 


The most powerful turbojet engine in production is 
blazing the way for a whole new generation of 
American aircraft. 


That engine is Pratt & Whitney Aircraft’s J-57, 
the first turbojet to achieve an official rating in the 
10,000-pound thrust class. 


But the J-57 provides far more than extreme high 
thrust. Its unique Pratt & Whitney Aircraft design, 
achieved after years of intensive research and engi- 
neering, offers as well the low specific fuel consump- 
tion so vital to jet-powered bombers and future 
transports, plus the additional important factor of 


fast acceleration. 


The importance of the J-57 in America’s air power 
program is clearly shown by the fact that it is the 
power plant for three of the new “century series” 
fighters for the U. S. Air Force—North American’s 
F-100, McDonnell’s F-101 and Convair’s F-102— 
as well as Boeing’s B-52 heavy bomber. The Navy, 
too, has chosen the J-57 for its most powerful attack 
aircraft, the Douglas A3D, the Douglas F4D fighter 
and for the Chance Vought F8U day fighter. And 
the J-57 will power the Boeing 707 jet transport. 

The J-57 is fully justifying the long years and 
intensive effort required for its development, pro- 
viding pace-setting performance for a new genera- 
tion of American aircraft. 


Engineering graduates who can see the challenge in this new generation, might well 


DaleValis COUN ROLF 
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consider a career with the world’s foremost designer and builder of aircraft engines. 


PRATT & WHITNEY AIRCRAFT 


UNITED AIRCRAFT CORPORATION 
EAST HARTFORD 8, CONNECTICUT 
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Engineers 


REVISED ENGINEERING 
VOCABULARY 


It is in process: So wrapped up in red 
tape that the situation is almost hope- 
less. 

We will look into it: By the time the 
wheel makes a full turn, we assume 
you will have forgotten about it, too. 


A program: Any assignment that can’t 
be completed by one telephone call. 


Expedite: To confound confusion with 
commotion. 


Channels: The trail left by interoffice 
memos. 

Coordinator: The guy who has a desk 
between two expediters. 

Consultant (or expert): Any ordinary 
guy more than fifty miles from home. 

To activate: To make carbons and add 
more names to the memo. 

To implement a program: Hire more 
people and expand the office. 

Under consideration: Never heard of it. 

Under active consideration: We're look- 
ing in the files for it. ; 

A meeting: A mass mulling by master- 
minds. 

d conference: A place where conversa- 
tion is substituted for the dreariness 
of labor and the loneliness of thought. 

To negotiate: Yo seek a meeting of 
minds without knocking together of 
heads. 

Re-orinetation: Getting used to working 
again. 

Reliable source: The guy you just met. 

Informed source: The guy who told the 
guy you just met. 

Unimpeachable source: ‘The guy who 
started the rumor originally. 

A clarification: To fill in the back- 
ground with so many details that the 
foreground goes underground. 

We are making a survey: We need more 
time to think of an answer. 

To note and initial: Let’s spread the re- 
sponsibility for this. 

See me, or let's discuss: Come down to 
my office, I’m lonesome. 

Let's get together on this: I'm assuming 
you're as confused as I am. 

Give us the benefit of your present 

thinking: We'll listen to what you have 
to say as long as it doesn’t interfere 
with what we’ve already decided to 
do. 

Will advise you in due course: If we 
figure it out, we'll let you know. 
With modification: -Will be shipped to 
you in kit form—put together (if you 

can) yourself. Glue optional. 
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Dictionary 


TECHNICAL TERMS 


Airframe: Ambiguous terminology. May 
mean either a frame constructed 
around a body of air, or a body of 
air surrounding something. 

Alclad: Entirely clothed. 

Astronomical: The boss’ salary. 


Base metal: A term used by makers of 
aluminum products referring to stain- 
less steel, or vice-versa. 

Brazier: A garment used to minimize 
the effect of flutter and vibration. 

Bulkhead: A derogatory expression 


usually applied to persons of ques-— 


tionable intelligence. 

Chief engineer: A person totally devoid 
of all engineering knowledge who 
married the boss’ daughter. 

Farenheit: A system of measuring verti- 
cal distance above the earth’s surface. 
One Fahren equals 0.53959 nautical 
miles. 

Farad: A high official in the Egyptian 
government. 

Fitting factor: A process utilized in 
structural analysis whereby a factor 
is manipulated so as to fit a particular 
requirement. 

German silver: A type of silver contain- 
ing any metal except silver. 

Heterodyne reception: A private gath- 
ering attended by a motley assortment 
of people. 

ITydrogen: An alcoholic beverage con- 
sisting of water and gin. 

Lightening holes: The process of remov- 
ing stuff from empty holes in order 
to restore the weight thereof. 

Lock washer: One who washes locks. 

Mating jig: An animal husbandry ac- 
cessory. 

Maxwell's theorem: States that coffee 
is “good to the last drop.” 

Microfarad: A small official in the 
Egyptian government. 

Ohmmeter: One who eats ohms. 

Pylon: All aboard. 

Race rotation: Practiced by totalitarian 
governments. Similar to crop. rota- 
tion, but more fun. 

Reynolds number: LAckawana 6-5972. 

Stable air: An atmosphere tinged with 
the odor of fertilizer. 

Staff Engineer: The chief engineer’s 
brother-in-law. » 

Stationary front: Vhe result of con- 
structing an ideal truss around a set 
of characteristic curves. 

Stress analysis: The art of manipulating 
figures in such a way as to prove that 
a deficient structure is twice as strong 
as it Is supposed to be. 

Thermocuple: Newlyweds. 

Trajectory: A sad event. 

Uniform load: The weight of one uni- 
form. 
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Our idea of the perfect an- 
niversary for the power lab 
in the EEB is Miss Jeanne 
Ricks, who is the Techno- 
cutie for May. She hails” 
from Springfield and resides 
at Pi Beta Phi on campus. 
Jeanne was recently select- 
ed as Miss Illinois Press Pho- 
tographer and she reached 
the finals in the national 
Other 


come to this lass include 


contest. laurels to 
Dolphin queen, Illio beauty, 
sports-fest queen, and most 
recently, Pi Kappa Alpha 
“Dream Girl.” For a spare 
time activity, Jeanne enjoys 
dancing. She has brown 
hair, and green eyes. Stand- 
ing 5’6”, she weighs in ata 
trim 123 pounds. This 20- 
year-old cutie is a sopho- 


more in education. 
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Now — put your years of college training to 
work, in the finest professional atmosphere 
. gain experience that brings added recog- 


nition and continually increasing earnings. 


Before you make a decision, investigate 
CONVAIR-Fort Worth. Here you'll work on 
the nation’s most challenging engineering proj- 
ects. At Convair, the opportunity for rapid 


advancement is unlimited. 


You'll like living in Fort Worth, home of the 
great Southwestern Exposition and Fat Stock 
Show, the internationally famous Colonial In- 
vitational Golf Tournament, acres of spacious 
parks and conveniently accessible lakes. These 
and many other attractions and recreational 
facilities make leisure time in Fort Worth 
wonderfully relaxing and entertaining. Living 
conditions are ideal and the cost of living is 


low — no state income tax, no sales tax! 


Whatever your major, you'll 
find a place at Convair. 
Check the list of engineer- 
ing fields below, then con- 
firm YOUR future... at 
CONVAIR-Fort Worth. 


AERONAUTICAL ENGINEERING 
MECHANICAL ENGINEERING 

~ ELECTRICAL ENGINEERING 
CIVIL ENGINEERING 

~ GHEMICAL ENGINEERING 
ENGINEERING PHYSICS 

~ MECHANICS © PHYSICS 
METALLURGY © MATHEMATICS 


If our team missed you on their recent campus 
interview session, write TODAY to 


Engineering Personnel, Technical Employment 


CONVAIR 
FORT WORTH, TEXAS 
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HERE'S HOW THEY'RE 


ALLIED 


DIVISIONS: 
Barrett General Chemical 
Mutual Chemical National Aniline 
Nitrogen Semet-Solvay 
Solvay Process + International 


Allied to serve you better 
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lifetime CHROME 


Maybe you can’t see the connection between paper and hand- 
some chrome plating—but it’s there. Like so many things, 
both products begin with chemistry—and alkalies are indis- 


pensable to both. 


Allied Chemical’s Solvay Process Division is a leading pro- 
ducer of alkalies—like caustic soda and soda ash used in 
papermaking. Another Allied Division, Mutual Chemical, uses 
soda ash in the making of chromium chemicals, such as 


chromic acid for plating. 


Because Allied’s seven divisions are foremost producers of 
chemicals, there are scores of cases where two or more divi- 
sions team up to contribute to a finished product or to serve 


a particular industry. 


Allied Chemical altogether turns out more than 3,000 products. 
Seen or unseen, they’re helping everyone who makes, grows 


or uses things—that is, you. 
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“Pm glad that | chose 
WISCONSIN ELECTRIC POWER COMPANY” 


Walter E. Kremmel received a degree in electrical engineering from 
Purdue University. In 1948 he accepted a position as Cadet Engin- 
eer in the Distribution Engineering division of Wisconsin Electric 
Power Company. He was advanced to Field Engineer, after which 
he was promoted to his present position as Special Engineer in the 
System Engineering division. He says, “I made a wise decision 
when I decided to come to Wisconsin Electric Power Company.” 


WALTER E. KREMMEL 


THERE’S A PLACE FOR YOU IN OUR FUTURE! 


process of burning pulverized fuel, the first to in- 
troduce radiant superheaters into their furnaces. 


Many engineering graduates choose Wisconsin 
Electric Power Company because of its reputation 


for sound and steady progress .. . for its modern 
and pioneering policies. For example, our power 
plants have established world records for efficien- 
cy. They were the first to develop and use the 


Engineering talents are needed in the varied fields 
of our operations. Recognition of ability is assured 
through an unique “management inventory” sys- 
tem which has received industry-wide attention. 


PLANNING — Engineers are needed to help plan and design the 
generating, transmission and distribution facilities which serve the 
needs of more than half a million electric customers in Wisconsin 
and upper Michigan. 


CONSTRUCTION — Engineers are needed to supervise the details 
of a continuing construction program. The 1955 construction budget 
for the Wisconsin Electric Power Company system amounted to 
more than 41 million dollars. 


SALES — Engineers are needed for many phases of the Company's 
sales program. Openings are available in the field of industrial 
sales ... in the activities of lighting, heating, air conditioning and 
commercial groups. 


ADMINISTRATION — Engineers are needed for many activities 
which provide an excellent training for advancement into adminis- 
trative fields. Many of our executive positions are now held by en- 
gineering graduates. 


Write to our PERSONNEL SERVICES DEPT. for a copy of our Annual Report and other information 
WISCONSIN ELECTRIC POWER COMPANY 


231 West Michigan St., Milwaukee 1, Wisconsin 
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Engineers Can Write 


By John Kent 


(Reprinted by permission from Chem- 
ical and Engineering News, Vol. 33, 
page 444, January 31, 1955.) 

You, as a chemist or engineer, can 
improve your technical reports — by 
adopting methods used by professional 
writers. Failure to do so may result in 
injustice to yourself and to your career. 

Since your writing is judged by the 
same criteria as that of the professional 
writer, you must use the same methods 
to get comparable results. Some of these 
methods are really the writers’ ‘‘tricks 
of the trade.” One is the use of short 
sentences. 

The short sentence is probably the 
greatest help to understandable writing. 
It permits spacing of ideas. Ideally, each 
sentence should be limited to one 
thought. Very often, however, simple 
sentences are incapable of communi- 
cating complete thoughts. Sentences be- 
come longer as modifying and qualify- 
ing words are introduced and as rela- 
tionships between subject and object are 
developed. 

As sentences become longer, relation- 
ships between words become less clear. 
Such sentences are harder to understand 
and may require rereading. They often 
lead to errors in grammar. Consequent- 
ly, long sentences must be watched. 

During recent years researchers have 
come up with a “readability formula” 
or criterion. The formula shows that 
when average length of sentences runs 
over 20 words, thoughts become diffi- 
cult to understand. 

Here is a standard in terms of words 
per average sentence: 

Under 10—Easy to read 
15—Fairly easy 
20—Standard 
25—Difficult 

Over 30—Very difficult 

Here is how you can measure the 
readability of your writing. Pick several 
blocks of seven sentences at random 
throughout your manuscript. Average 
the sentence lengths of each block of 
seven; then average the average of each 
block. 

Remember this: A sentence of over 
25 words generally can be cut into two 
short ones. After several long sentences, 
insert a short one to act as a “rest’’ for 
the mind. Aim to get more sentences 
into the easily grasped 10 to 15-word 
length. 
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There's another reason why technical 
people in particular should write short 
sentences. In ordinary writing, shorter 
words can be substituted to help the 
reader understand. Generally, technical 
words cannot be simplified. Short sen- 
tences can compensate for this limita- 
tion. 

Here’s an example: 

Technical sentence: 

“Corrosion damage was not dis- 
tributed uniformly on the tube surface 
but was concentrated at random loca- 
tions.” 

Newspaper sentence: 

“A 14-year-old boy was arrested last 
night while he was robbing a jewelry 
store.” 

Both sentences have 16 words. But 
the technical sentence has 92 letters in 
its 16 words, the newspaper sentence 
only 63 letters. Short, common words 
will help keep the letter-count down. 
Some technical people have trouble here. 

Because of misplaced deference to 
convention, many empty, bookish, for- 
malistic, and legalistic words and phrases 
creep into our speech and writing. Most 
of them can be called “non-working” 


Sentence Lengh 
Report -4O 
Texlbokk - 34 

Tech, Article - 


Teplor Melick 


en NON RR 


ie atone apbinemiNe’ 


The author, John Kent, by training 
a civil engineer, has been corre- 
spondent and editor on several in- 
dustrial publications, and in the 
past 10 years has published over 
2500 articles on science and _ in- 
dustry. 


words. Cull them and substitute ‘‘ac- 


tion” words. Here are a few examples: 


Avoid Use Instead 
With respect to for, about 
effectuate find out, learn 
ascertain carry out 
for the purpose of for 
in the nature of like 
in view of the fact of | because, since 
presently now 
along the lines of like 


subsequent to for, aiter 

avail yourself use 

Many technical people are troubled 
over paragraphing. What should a para- 
graph include? When do you begin a 
new paragraph? In modern usage, par- 
agraphs are becoming shorter. In news- 
papers, for example, almost every sen- 
tence is a paragraph. 

In technical reports, paragraphs , 
should be well constructed. The first 
sentence of a good paragraph should be 
the topic sentence. It should tell the 
reader what’s going to be said in the 
paragraph. It should also provide a 
transition (if such is needed) from the 
preceding paragraph. This topic sen- 
tence should be short and direct. 

A good paragraph should also have 
a summarizing sentence which should 
warn the reader—‘‘this is the end; pre- 
pare for another thought or another sub- 
ject.” 

The length of a paragraph depends 
on two things: subject matter and con- 
sideration for the reader. 

The rule of composition on para- 
graphing is clear. When the thought or 
subject promised in the topic sentence 
is exhausted, start a new paragraph. 
Consideration for the reader may modi- 
fy this rule somewhat. Written with the 
reader in mind, paragraphs should do 
several things: 

Give the reader visual evidence of a 
break in thought. 

Provide just enough material on each 
thought, or facet of a subject, not to 
tire his mind. 

Provide a “hook” for the reader's at- 
tention. 

Therefore, it is better, to over-para- 
graph. The reader won’t object. 

There are three major pitfalls to 
paragraphing : 

Lack of topic sentence. 

Lack of unity. 

Improper development of 
thought. 

To see if you have observed the rules 
of good paragraphing, check your para- 
graphs against these questions: 

1. Is the topic sentence concise? 

2. Does the paragraph need a transi- 
tion sentence ? 

3. Does the paragraph contain more 
than one central thought? (Yes? Then 
split the paragraph. ) 

4, Can the paragraph be broken into 
two by regrouping information? (This 


central 
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is desirable and worth the effort.) 

5. Does material in the paragraph 
cover what was promised in the topic 
sentence ? 

6. Is a summarizing sentence needed ? 

After you have written the first draft, 
edit it with a good dictionary at hand, 
and perhaps even a book on grammar to 
resolve doubtful construction. 

Read your manuscript several times. 
First read over the entire draft to get 
the ‘feel’? of it. Does it tell a story 
simply and concisely? Cut and shorten 
where possible. 


Below: Technograph covers have 
changed since 1908, but the purpose 
of the magazine, to improve engi- 
neering writing, has been the same 
since its founding in 1883. 


Read it over a second time, looking 
for bad sentences, lack of topic sen- 
tences, and errors in grammar. If time 
permits, put the manuscript out of sight 
for a day or two. Then read it a third 
time before letting it out of your hands. 

Paying attention to rules of composi- 
tion and grammar is not enough. The 
professional writer soon learns many 
things that are not taught in college 
composition courses. You, as a report 
writer, should practice them too. For 
example, have confidence in your abil- 
ity. Also, you must show interest in 
your writing. A good report is the re- 
sult of a lot of hard work—and enthusi- 
asm. But most of all, you've got to 
write if you want to be a good report 
writer. Writing is something that can 
be learned only through practice. 
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A Tower of 
Opportunity 


for America’s young 
engineers with capacity for 
continuing achievements in 

radio and electronics 


Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
...a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 


Here, too, is opportunity for 
the young graduate engineers of 
America ... opportunity to be 
associated with leaders in the 
electronic field... to work with 
the finest facilities ... to win rec- 
ognition...to achieve advance- 
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity...its long- 
range program and generous em- 
ployee benefits. See your Place- 
ment Officer today for further in- 
formation about FTL. 


INTERESTING 
ASSIGNMENTS IN— 


Radio Communication Systems 
Electron Tubes 
Microwave Components 
Electronic Countermeasures 
Air Navigation Systems 
Missile Guidance 
Transistors and other 
Semiconductor Devices 
Rectifiers * Computers * Antennas 

Telephone and 
Wire Transmission Systems 


Federal 
Telecommunication 


Laboratories ly 


A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N. J. 
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experience 


needed 


A Many of the coming developments at Martin lie in areas still so unex- 
plored that little experience even exists. 


Gravity, nuclear power, rocketry, space vehicle development. 


B In today’s new world of flight systems development, practical experience 
may be less important than creative engineering ability. 


Most of the people on the Martin engineering team are young and moving 
ahead fast. 


C The aircraft industry offers engineers the most immense future to be 
found in any major industry today. 


Space itself is the next frontier! 


Contact your placement officer or J. M. Hollyday, The Martin Company, 
Baltimore 3, Maryland. 
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NGINEERS 


WITH A 


GROWING 
COMPANY 
IN JET VIO 


Look to the future with 
Ryan — a stable, growing 
aircraft company with 33 
years of experience —where you'll 
never feel ‘‘lost in the shuffle.’’ Join 
our select staff of engineers and work on 
challenging, diversified projects like Ryan’s 
new automatic navigation system and the 
world's first jet VTO aircraft! 

You'll like working at Ryan and you'll enjoy living 
in San Diego — a year-round playground with the nation’s 
finest climate. Write today to James Kerns, Engineering Divi- 

sion for illustrated engineering brochure. 


IMMEDIATE OPENINGS FOR: 
Aircraft Designers Electronics Engineers Aerodynamicists Systems Engineers 


Weights Engineers §Thermodynamicists Power Plant Engineers 


a YW AN AERONAUTICAL COMPANY 
2745 Harbor Drive « San Diego 12, California 
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Rocket Problem . . . 


HEAT TRANSFER 


By Maurice Garnholz, Aero.E. ‘56 


‘Today’s technological world contin- 
ually requires methods of producing 
greater power and higher speeds. The 
rocket engines of the guided missile in- 
dustry are prime examples of these goals. 
Faster missiles and, conceivably, extra- 
terrestrial vehicles will cry for more 
power in the form of thrust. 

One method of increasing the rocket 
motor’s exhaust velocity and hence the 
thrust is by increasing the chemical 
energy per unit of propellant weight. 
This in turn increases the combustion 
temperature and the amount of heat 
given off. It has been said that a rocket 
motor operates under more severe con- 
ditions of high temperature and contin- 
uous rate of heat release than any other 
heat engine. In fact, the hottest indus- 
trial furnaces have a rate of heat transfer 
only about one-tenth of that encountered 


in a typical liquid-propellant rocket 
motor. 
The combustion chamber tempera- 


tures of rocket motors with various pro- 
pellants indicate the need for high- 
temperature materials and/or adequate 
cooling. 

Although extremely high temperatures 
occur during combustion at the flame 
front, the temperature of the inner 
chamber walls will probably be several 
hundred degrees less due to the existence 
of a boundary layer between the main 
hot chamber gas stream and the walls. 
In fact, George P. Sutton, Supervisor 
of Propulsion Development, North 
American Aviation, states, “The oper- 
ating temperatures of inner walls of 
existing rocket motors usually do not 
exceed 800° F to 1700° F, with an 
average near 1200° F on the gas side.” 
But note the words “existing rocket 
motors.” High-energy propellants with 
subsequent higher temperatures may be 
expected in the future. Although these 
figures particularly concern rocket 
motors with cooling jackets, a boundary 
laver, and hence an associated tempera- 
ture drop, also exist in uncooled motors, 
but not so pronounced. 

In certain cases of high temperature 
motors, exothermic reassociation may 
take place in the boundary layer, thus 
causing a higher temperature than ex- 
pected. Sutton also does not think it 
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feasible to have combustion temperatures 
above approximately 6500° F because 
of dissociation effects. If dissociation is 
present in the products of combustion 
while confined to the combustion cham- 
ber, then further reactions may take 
place in the nozzle with a consequent 
excess of heat there. 

Even though only one to five per 
cent of the total energy generated in 
the combustion gas is transferred as 
heat to the chamber walls this heat 
transfer is a major factor in determining 
the limiting performance of the power 
plant. The amount of heat transferred 
by conduction from the chamber gas 
through the rocket motor walls is negli- 
gible. Only about 5% to 25% of the 
transferred heat is by radiation, and in 
the expansion nozzle region of the rocket 
motor, even the radiated heat can usual- 
ly be neglected. All of the rest of the 
heat transferred is by convection, 1.e., 
heat transfer due to molecular impact of 
the gas against the wall. 

At a point immediately upstream of 
the nozzle throat or just at the throat, 
the location of highest heat transfer in- 
tensity exists. Fig 1 illustrates the varia- 
tion in heat flow density—heat trans- 
mitted per unit of surface area per sec- 
ond—with distance along the rocket 
motor. Other references gave similar 
diagrams, but with varying peak values 
of heat flow density. Ziebland states that 
values of the order of 3 Btu/sq. in. sec. 
exist in the combustion chamber, with 


Temperature, 


6) it 2 3 


peak values of 12 Btu/sq. in. sec. ar- 
riving in the throat of the expansion 
nozzle. Boden says that the maximum 
heat flow density at the throat may 
reach 4 to 15 Btu/sq. in. sec. In com- 
parison, modern steam generators have 
heat flow density values of about 0.03 
Btu/sq. in. sec., and values of 0.07 
Btu/sq. in sec. exist in internal com- 
bustion engines. In rocket engines there 
is often an onset of oscillating combus- 
tion called “chugging,” with a conse- 
quent increase of heat transfer rate up 
to three times the normal value. 


The high rates of heat transfer, from 
the combustion gases to the surrounding 
walls, encountered in rocket motors are 
due to a combination of high tempera- 
tures, high pressures, combustion gas 
velocities up to three times the speed of 
sound, erosive gases of the burning pro- 
pellant mixtures, and other sundry ef- 
fects. Remember, actually the heating 
and melting out of rocket motor walls 
is due to the quantity of heat capable of 
being absorbed by the wall materials, 
and not due to the temperature alone. 


Rocket motors may be very broadly 
classified into two categories—uncooled 
and cooled. In the uncooled type of 
rocket motor, the heat transferred by 
the high velocity gases is absorbed by 
the motor materials. Contemplating the 
high temperatures (usually far above 
the melting and softening point of metals 
and other materials) and high rates of 
heat transfer encountered in rocket 
motors, it may be necessary to explain 
the fact that an uncooled motor can 
be built at all is due to the existence of 
a large temperature drop across the 
boundary layer between the combustion 
gas stream and the enclosing walls. This 
has been discussed previously in this 
article. Also rocket motors are not nor- 
mally required to function for extremely 
long periols; a maximum operation time 
of about two minutes will usually be 
ample. For example, the German A-4, 
better known as the V-2, had its com- 
bustion cut-off (Brennschluss) after 63 
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Time, sec 
q = heat flow density = 10 Bth/in® sec 


AT, =intital temperature difference between gas and wall 


= 30009 Cc. = 5432° F. 


Fig. 1] 
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The right decision now, at the launch- 
ing of your career, can do much to 
influence your success. 

Pittsburgh Plate Glass Company has 
a host of fine young men who are hold- 
ing responsible positions in the PPG 
organization. Ten years ago, many of 
them were faced with the same decision 
that now faces you: “Which company 
shall I select?” 

They chose PPG because it offers 
unlimited opportunity. PPG has never 
stopped expanding or growing in its 
73 years of existence. Its markets are 
constantly increasing. PPG’s manage- 
ment is progressive. It seeks men who 
can grow with the company . . . men 


who can take over responsibilities. In 


PAINTS GLASS CHEMICALS 


PITTSBURGH 
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PLATE 
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our decision’ 


PPG, it isn’t necessary to wait for a 
man’s retirement or death before you 
move up in the ranks. Opportunities 
are opening up all the time in all of its 
important divisions: Paint, Glass, 
Chemicals, Brushes, Fiber Glass. 

This is your year of decision. We 
invite you to look into Pittsburgh Plate 
Glass Company. To help you become 
better acquainted with PPG, we sug- 
gest you get a copy right away of the 
booklet entitled, ““Toward New Hori- 
zons with Pittsburgh Plate.”” Ask your 
placement officer for a copy or write 
directly to the Pittsburgh Plate Glass 
Company, General Personnel Director, 
One Gateway Center, Pittsburgh 22, 
Pennsylvania. 


PLASTICS 


GLASS 


FIBER GLASS 


COMPANY 


345 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 
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seconds of flight. At this time, the V-2 
_ had reached an altitude of 15.5 miles 
and a speed of 3,365 miles per hour 
(about Mach 4.5). But in the future, 
if rocket motors are to be used as the 
propulsive forces for man-occupied air- 
craft or spacecraft, it will most likely 
become necessary to have motors capable 
of longer operating times. 


In selecting combustion chamber and 
nozzle materials, heat transfer proper- 
ties and strength at high temperatures of 
the material selected are of primary im- 
portance both in cooled and uncooled 
motors, but of somewhat lesser degree in 
the former type. If the combustion 
chamber walls are made of a material 
which easily allows conduction of the 
heat through the walls, then the thermal 
eficiency of the motor decreases. This 
is because the amount of heat energy 
available for conversion to propulsive en- 
ergy by the expansion nozzle is lowered. 

One method used in uncooled motors 
is the thermal capacity technique. It is 
applied to motors using low-energy pro- 
pellants (usually solid propellants) and 
to very short duration liquid propellants. 
The entire motor or specific parts of the 
motor are made of thick-walled bodies 
of revolution of various metals. The sur- 
rounding motor walls absorb the heat 
transmitted from the hot combustion 
gases. Thus the wall temperature rises 
with time until a safe upper temperature 
limit is reached. For high-energy liquid 
propellants with combustion tempera- 
tures between 4040 degrees F and 5830 
degrees F, used with chambers of con- 
ventional metals, this upper limit is the 
melting point of the wall material. 
Steady state operation of this motor is 
hence impossible for any great length 
of time, z.e., the problem here reduces 
to the questions of how long a period 
can the motor be operated safely and 
of which material will give the longest 
time of operation for a given fuel- 
oxidizer combination. The higher the 
density and specific heat of the wall ma- 
terial, which essentially means the higher 
the thermal capacity in Btu/cubic foot, 
degrees F, the smaller will be the tem- 
perature rise on the surface layers. Heat 
then goes into the walls. 

Fig. II illustrates safe times of oper- 
ation as functions of temperature rise 
and materials. As shown by the figure, 
copper will reach its melting point at a 
lower temperature than mild steel but 
at a later time. Due to this fact, solid 
copper expansion nozzles have already 
been used in rocket motors. Fig. II] 
shows the temperature distribution in 
slabs of copper and steel after two sec- 
onds, with an initial temperature differ- 
ence between gas and wall, of 3000 de- 
erees C (5432 degrees F). Copper and 
greet have pnptexeniately: the same ther- 
mal capacity but a different conductivity, 
hence the shape of the curves in Fig. III. 
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The thermal capacity technique has 
gained no practical importance accord- 
ing to H. Ziebland, because it necessi- 
tates an extremely heavy motor. In 1935, 
the American Rocket Society used a vari- 
ation of this technique in building what 
they called a “heat sponge” motor. 


A second method of keeping rocket 
motors intact while temperatures and 
heat transfer rates soar within the motor 
is by the use of a refractory—a particu- 
lar type of ceramic material—as com- 
bustion chamber wall and nozzle ma- 
terial. With refractories, there is a 
smaller thermal conductivity than in 
mild steel. There will be a sharper 
temperature rise with time and the depth 
of penetration of heat flow will be con- 
fined to a thin layer on the surface. Also 
refractories have extremely high soften- 
ing points and hence even higher melt- 
ing points. According to TENE since 

convection feat exchange is pro- 
portional to the temperature Sterne 
between the heating gas and the heat 
absorbing wall, heat transmission to the 
wall will diminish with increasing wall 
temperature and tend towards zero 
when the gas and wall temperature are 
nearly equal.’’ Hence use of a refractory 
which has a melting point well above 
the maximum temperature of the com- 
bustion gases within the chamber and 
nozzle regions. 

According to the Speer Carbon Co., 
the strength of carbon (in the form of 
graphite), which has the highest melt- 
ing point of all refractory materials, 
actually increases with temperature— 


up to 5432 degrees F. Its softening 
point is 6332 degrees F. The use of 


refractory materials sounds very prom- 


ising as far as upper temperature limts 


are concerned, but refractories have poor 
mechanical properties, especially at high 
temperatures. A high melting point is 
not the only saneileration, along with 
mechanical properties, of selecting a 
ceramic material for a rocket motor 
chamber. Sensitiveness to chemical at- 


tack by hot combustion gases must be 
considered, as well as _ thermal-shock 
sensitivity. The latter means that sud- 
den changes in temperature will lead to 
cracks in the refractory bodies. 


As a consequence of the above facts, 
several alternatives have been proposed 
to aid the use of a refractory material 
alone for the chamber walls and nozzle. 
One is to use a refractory liner with a 
metal casing to take the mechanical 
stress. This would be particularly help- 
ful in the nozzle region of a_ rocket 
motor. Only a few refractory materials 
have been tested as yet in rocket motors. 
Graphite, particularly when coated, 
gives relatively good results. Tungsten 
carbide and silicon carbide for expansion 
nozzles were satisfactory up to temper- 
atures just below their melting points. 
Longer operating times can be obtained 
with refractories than with the thermal 
capacity technique. With refractories 
and certain propellant combinations, op- 
erating times can be extended to about 
60 seconds. This is quite good when one 
recalls that the operating time of the 
German V-2 was 63 seconds. 

According to Eric Burgess, Fellow 
and Assistant Secretary of the British 
Interplanetary Society and Honorary 
Member of the Pacific Rocket Society, 
the following materials have already 
been used and tested in rocket motors: 
alundum, alumina, tungsten carbide, 
carbon, zirconia, magnesium oxide, and 
chrome-molybdenum steel all as liners 
and chrome-plated copper as a nozzle. 

At the 1955 University of Illinois, 
College of Engineering Open House, 
the Ceramic Engineering Department 
displayed a zirconium oxide segmented 
rocket motor liner which was to relieve 
thermal stresses at about 3500 degrees 
F, a silicon carbide rocket nozzle, a 
magnesium oxide segmented rocket liner 
for use at about 3500 degrees F, and 
zirconium flame holders for ram jets. 

A second alternative in the use of 
ceramic materials in rocket motor walls 
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and nozzles is that of spraying or paint- 
ing a thin layer of refractory on the 
inside of a metal shell. A similar process 
involves making the combustion cham- 
ber and nozzle out of a light, easily- 
machined metal such as aluminum. Then 
a lining of steel or other strong alloy is 
sprayed on the inside. Following this 
the inner surface is machined and_pol- 
ished to reduce boundary layer effects. If 
it is desired to continue further, a com- 
posite material of ceramics may be added 
on top of the sprayed-on metal or com- 
bined with the metal before spraying. 

Whereas, in the uncooled type of 
rocket motor, the motor materials ab- 
sorb the heat transferred by the high 
velocity gases, all or part of the coolant 
is used to absorb the heat in the cooled 
type of motor. In most rocket motors, 
about two to three per cent of the heat 
due to combustion passes through the 
chamber and nozzle walls into the 
coolant. 

The construction material and neces- 
sary thickness of the chamber are de- 
termined, according to J. Humphries, 
by the following: “(1) The chamber 
must be strong enough to withstand the 
stresses due to thermal gradients; (2) 
the temperature of the gas face of the 
wall must be lower than the melting 
point of the material; (3) the total 
amount of heat transferred must not be 
sufficient to bring the coolant to either 
its boiling point or the temperature at 
which it decomposes; (4) the temper- 
ature of the outer surface of the cham- 
ber must be below the boiling point or 
decomposition point of the coolant to 
eliminate surface bubbles which would 
interfere with the heat transfer.” 

One method of cooling, that of im- 
mersing the nozzle and a thin-walled 
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combustion chamber in a small water 
tank, was employed in 1931 by the 
“Society for Space Travel.’ Later, at 
Peenemiinde, Germany, it was attempted 
to immerse the motor within one of the 
propellant tanks—a type of regenerative 
cooling since the fuel was thus slightly 
pre-heated. But this type of cooling shall 
be discussed very shortly in more detail. 
The immersion cooled motor has proved 
to be inefficient, in that the rocket motor 
is not cooled sufficiently. 

If the water does not move within 
the cooling jacket, the water will heat 
up to the boiling point and then evap- 
orate to the outside through the connect- 
ing orifice. This type of cooling system 
is possible but not reliable. Steam bubbles 
devolop on the coolant side of the inner 
wall and stick to the surface. Hence, in 
a short time, the bubbles cause overheat- 
ing at the spots where they stick, due to 
poor heat transfer across the stagnant 
steam. Also the steam produced means 
losses. 

In circulation cooling (or external 
cooling), the cooling fluid is circulated 
around the chamber and nozzle by means 
of cooling coils or a jacket. When a 
double wall is placed around the cham- 
ber, the inner wall is the liner, and the 
outer wall the jacket. 

For static firing tests, a_ relatively 
inert fluid such as water is circulated 
in the cooling jacket. Water also has 
excellent thermal properties, availability, 
and ease of handling. But in actual 
flight operations, one or both propellants 
may have to be used as the coolant, due 
to weight considerations. More often the 
fuel is used. The use of the propellant 
in this manner is actually beneficial, 
since heat is irretrievably lost to the 
rocket motor as far as propulsive effort 
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is concerned if the cooling of the walls 
is done by air or water flowing past. 
Partial recovery of these losses is ob- 
tained by the circulation of fuels around 
the chamber before ignition. Energy is 
then transferred back into the combus- 
tion chamber and augments the initial 
energy content of the propellant prior to 
injection, thus increasing the exhaust 
velocity slightly (0.1 to 1.5 per cent). 

A reasonable value for the coolant 
velocity in the jacket around the motor 
would be about 30 to 60 ft./sec. The 
coeficient of heat transfer with this 
velocity must be high enough so that 
heat is removed sufficiently rapidly to 
keep the outer surface of the chamber 
at a lower temperature than the boiling 
point of the coolant at the coolant pres- 
‘sure used. Also the heat capacity of the 
coolant must be large enough to absorb 
all of the transmitted heat without boil- 
ing. Hence, water, which has a high 
heat capacity, is added to certain fuels, 
e.g., methyl and ethyl alcohols. 

As mentioned earlier, the heat trans- 
ferred between the wall and the coolant 
is restricted to a very thin layer of fluid 
on the cooling fluid side of the wall— 
the boundary layer at the wall. The 
liquid exchange between the boundary 
layer and the rest of the fluid takes 
place due to turbulence (caused by fric- 
tion and shear forces), and hence the 
boundary layer does not get to the boil- 
ing point. 

Cooling jackets are often designed so 
that the coolant flow varies’ as the heat 
transfer rate. Hence the coolant velocity 
and/or quantity of coolant is highest at 
the critically heated regions, and often 
fresh cold coolant enters at this location. 

With swiftly flowing fuel feeds (the 
coolant in this case), very little heat 
should reach the outer wall of the jacket, 
and hence the thermal efficiency is good. 
Difficulties that may be encountered in- 
clude the possible formation of bubbles, 
vapor films, and locks of vaporized fuel. 
Since vapor is a relatively poor con- 
ductor of heat, wall failure may occur. 
The poor heat conduction of vapor has 
been turned to some advantage, though, 
in the form of “film boiling.” If the 
temperature of the combustion chamber 
liner is allowed to rise so that a thin 
film of gas is created on the liner side 
next to the coolant, then the gas should 
be condensed into the coolant liquid and 
hence a better heat transfer would re- 
sult. 

In making cooled rocket motor com- 
bustion chambers, there is a conflict be- 
tween the necessity to have strong thick 
walls to withstand the external pres- 
sures of the coolant and the necessity to 
have thin walls to lower the thermal re- 
sistance of the wall. This problem be- 
comes of considerable importance in 
large motors. 

In circulation cooling, heat transfer 
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takes place through a bounding wall or 
to a coolant. In another method—film 
cooling or effusion cooling—heat is ab- 
sorbed by the coolant before it can reach 
the wall. This is accomplished by inject- 
ing small quantities of liquid at low 
velocity, and with a pressure just a few 
psi above the local chamber pressure, 
through many small holes arranged in 
the motor walls in such a fashion that 
the fluid injected spreads over the walls, 
forms a continuous film on that portion 
of the wall, and eventually evaporates. 
Some where downstream from the in- 
jection point, the film becomes quite hot 
and partially mixed with the main 
stream of combustion gases. Hence the 
film is replaced by injection through 
new holes. 

Liquids are more effective than gases 
as coolants because of their higher heat 
capacity, mostly due to a high latent heat 
of evaporation. Liquids are also more 
stable, in that less turbulent mixing 
occurs with the main gas stream. In 
large combustion chambers, or at high 
combustion pressures, a large amount of 
heat is transmitted by radiation, and 
most gases are nearly transparent to 
infra-red radiation. A gaseous film only 
protects against convective heat trans- 
fer. Many liquids, especially water, ab- 
sorb much heat, even in thin layers. 

The amount of coolant necessary is 
a function of the heat capacity of the 
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coolant and the amount of heat trans- 
ferred from the combustion gases. An 
average figure’ for cooling requirements 
is about 10 per cent, by weight, of the 
main gas flow, but this may vary widely 
in different motors. 

Experiment has shown that at the 
throat, there may be a 70 to 75 per cent 
reduction in value of the amount of heat 
transfer with film cooling as compared 
to the case of no film cooling. An added 
advantage of liquid film cooling is that 
the heat does not have to be conducted 
through the motor walls, thus savings 
in weight and strength become possible. 
If one of the propellants is used as the 
coolant film, it may contribute energy 
to the combustion process and hence not 
be wasted. But usually the coolant in 
the form of a propellant is not complete- 
ly burned and therefore not used ef- 
ficiently. Even so, only a small fraction 
of the total amount of propellant is used 
in film cooling. For example, in the 
German_V-2, three percent of the total 
mass flow is diverted to alcohol cooling 
film and about half of this takes part in 
combustion. The maximum cooling ef- 
fect by film of a 100,000-pound thrust 
rocket motor is obtained by a coolant 
weighing % per cent of the total propel- 
lant weight. This latter percentage 
changes with the size of the motor ap- 
proximately in proportion to the square 
root of the thrust ratios. 
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Very important in film cooling are 
the correct position of the injection holes 
and the coolant flow rate. Increasing 
the number of holes gives a more even 
distribution and reduces the amount of 
cooling fluid through each hole. The 
ideal case occurs when a porous rocket 
motor wall is used and the coolant is 
forced through fine pores, thus achiey- 
ing a continuous film. Since this method 
is based on a physiological process, it is 
called transpiration cooling or sweat 
cooling. The biggest difficulty with 
sweat cooling is that to make a liner 
of uniform porosity is nearly impossible. 
Even with uniform porosity walls, it 
would be difficult to have a uniform dis- 
tribution of coolant, because the pressure 
drop across the inner wall varies, especi- 
ally in the nozzle. For the porous liners, 
either ceramics or metals (particularly 
copper and bronze) are used. 


In water injection cooling, a concen- 
tric ring of water is injected to isolate 
the burning gases from the combustion 
chamber walls. The water is almost im- 
mediately changed to steam as it enters 
the combustion chamber, but would 
theoretically aid in propulsion as_ it 
would add weight to the fuel. This 
might be really true if the water were 
previously circulated around the motor 
to absorb the heat being lost by conduc- 
tion through the walls. Even if this 
happened, the effective energy input per 
unit of mass of matter would be low- 
ered and hence would decrease the ex- 
haust velocity. 

Another method like that just men- 
tioned is that of pre-mixing water with 
one of the propellants, as was done in 
the V-2, in order to lower the combus- 
tion temperature. The V-2 used a fuel 
mixture of 75 per cent ethanol (ethyl 
alcohol), and 25 per cent water. 


Much more could be said here about 
techniques of outside burning, isother- 
mal expansion at the nozzle, intermittent 
burning, helical cooling channels as com- 
pared with circular cooling channels, 
methods of calculating temperatures and 
heat transfer rates in the nozzle and 
chamber walls, coolant pressures and 
pressure drops, etc, but due to the 
length of this article, this becomes im- 
possible. 

As more is learned about exact con- 
ditions in an operating rocket, progress 
will be more rapidly accomplished, for 
J. Humphries voices the words of many 
experts in this field of rocketry when 
he says, “The calculation of the heat 
transfer and the temperatures across the 
walls of a rocket chamber is one of the 
most unreliable processes in rocket motor 
design.” This is because the theory for 
supersonic heat transfer and necessary 
properties of gases at the very high tem- 
peratures encountered in rocket com- 
bustion are not known precisely at the 
present time. 
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DIFFERENTIAL EQUATIONS 
BY LAPLACE TRANSFORMATION 
METHODS 


By Donald B. Clausen, Jr., E.E. ‘56 


The profuse occurrence of differential equations in 
engineering makes a knowledge of their solution essen- 
tial to the engineer. Classical methods are available, 
but somewhat greater flexibility and speed are obtained 
with some of the transform methods. There are many 
types of integral transforms, but the Laplace Trans- 
formation is probably the most widely used of these. 
It is the intention here to show some elementary proper- 
ties and applications of the Laplace Transformation. 

We shall indicate the Laplace Transformation of a 
function of ‘‘t’’, F(t), either by Ly FQ); or by f(s). 
The Laplace Transformation of a function of “‘t’’, F(t), 
is defined by: 


L{F(t)} = f(s) = [ ewFmat (1) 


Spe 


s’ is a complex variable. As restrictions, F(t) must be 
defined for all positive intervals of ‘‘t’’, and the Laplace 
Integral must converge. The convergence of the Laplace 
Integral depends upon F(t), and upon R(s), (the real 
part of the complex variable ‘“‘s’’). 

From the definition, if K is a constant, 


L{KF(t)} = K[ eR (tat =KL{F(t)} (2) 


Similarly the transform of a sum of two functions is 
equal to the sum of the individual transforms. 


Li A(t) + Bit)} = L{A(t)} + L{B(t)} 3) 


Some simple transformations may thus be derived. 


lee) leo) ast 
L{i}=/ eat = [—_—] = 1/s, 
0 0 S) 


L{es} = [e-evdt = |] =1/(s—a) (5) 


2 i , 
L{sin (at) } = — L{ei#t — 


5 e~iat} = a/(s? + a?) (6) 


1 
2 


L{ cos (at)} = > L{ei#t + e-iat! = g/(s? + a?) (7) 


68 


To look at the question of convergence of the Laplace 
Integral, we will first discuss sectional continuity and 
exponential order. 


(a) F(t) is said to be sectionally continuous over a 
range t;<t<t, if the function may be divided into a 
finite number of continuous segments and has finite 
limits as “‘t’’? approaches either end point from the 
interior. The “‘sawtooth” function, S(t), in Fig. 1 is a 
sectionally continuous function. 


S(t) 
0,0 k 2k t 
Fig. 1 
S(t) = bt/k; 0<t<k 
S(t) =bt/k = b;- k<t-< 2k 
S(t) = ete. 


(b) F(t) is said to be of exponential order if there 
exists a constant 6, such that 6~*|F(t)| is bounded as 
to. Therefore F(t) does not increase as rapidly as 
Ae*t where “A” is a constant. For the integrand of the 
Laplace Integral, we have: 


F(t)e-st 


<AGs* Ot. but [ Ac-orat 
0 


) 


converges for R(s) > R(@) (8) and (9) 
Eqs. (8) and (9) establish the absolute convergence of 
the Laplace Integral. As examples of exponential order; 
4e** is not of exponential order, while 2e*7* is of expo- 
nential order with 6>3.7. 
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CONVERGENCE CRITERION 


The Laplace Transform of F(t) exists if F(t) is 
sectionally continuous for all t >0, and is of exponential 
- order. It must be emphasized that these are sufficient 
but not necessary conditions. 


First Derivative Theorem 


By definition: F"(0+) is the limit of F"(t) as “t’ ap- 


proaches zero from positive values; F"(t) =~ [F(t)]. 
( sn 


Theorem: If F(t) is continwous and of exponential order 
for t>0, and F'(t) is sectionally continuous for t>0, 
then: 


LiF\(t)} = sL{F(t)} — F(0+) (10) 
T 
Proof: Lf F1(t)} = Limit T—>o / F'(t)e-stdt 
0 


Let ta, tp, ... ta be values of “‘t”’ for which F'(t) is 
discontinuous. Since the integral of the sum is equal to 
the sum of the integrals. 


foe) ta te 
[ eFttydt = [vee at + f Cee (t)dt + 
0 0 ta 


t, T 
/ e“F(t)dt ... 25) e-*tFl(t)dt (11) 
[eer aa =" ‘e-F(t) 225 e—tR(t) + 
0 al tate 
t.—e€ ; i fig 
le-s*F(t) ... + le" F(t) +8 f etF(t)dt (12) 
tote! tte 0 


Since F(t) is continuous, F(t,—e)=F(th+e), as «0 
eT F(T)—0, as T> =~, and Eq. (12) becomes 


L{F(t)} = sL{F(t)} — F(O+) (13) 


Nth Derivative Theorem 


Theorem: If F(t) has a continuous derivative F"~'(t) 
and F*(t) is sectionally continuous, and F(t) and all its 
derivatives up to the nth are of exponential order, 
L} F*(t)} exists and is: 
L{F=(t)} = s*L}F(t)} — s"“F(0+) — 
s2F(0+)... — F1(04+) (14) 
This may be shown by repeating Eq. (13). These 


theorems give us a quick and easy way to obtain many 
of our Laplace Transforms. 


Finding Transforms Through Derivative Theorems 
Ex. 1. Find L{t}; F(t) =t; F'(t) =1; by Eq. (10) 
Li1} = sLjt}; 


Ex. 2. Find L/t™!, where ‘“m” is not necessarily an 
integer but > —1. Let y =st. 


Meee tte ifs (15) 


co ee . 
L{t=} =| t™e-stdt = y™s-™e—Yd(y/s) 
9 0 
: 1 a5 
ee See 
Lit™} = Sart ii y™e-Ydy, 


but / y™e-ydy = I'(m + 1) 
0 


1 3 
Lite} = a r(m + 1) (16) 
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Table of Transforms 
Object Function F(t) Result Function f(s) 
i\ 


1/s 
est 1/(s — a) 
t 1/s? 
Ge TOL. mos el T(m + 1)/s™* 
t™ for “m” an integer Tea 
1 — e-*t a/s(s + a) 
sin (at) a/(s? + a?) 
cos (at) s/(s? + a?) 


(sin (at) — at cos (at)) /2a3 
(sin (at) + at cos (at)) /2a 
(e~#* =e) /(b — a) 


1/ (8? + a7)? 
s?/ (s? 4+ a)? 
1/(s + a) (s + b) 


sinh (at) a/(s? — a?) 
cosh (at) s/(s? — a?) 


eat + at — 1 a’/s?(s + a) 


If ‘‘m” is an integer, since '(m+1)=m!, 


Lae 


m! 
gmt 


(17) 


t 

Ex. 3. Find L| H F(¢)d¢!, where F(¢) is sectionally 
0 

continuous and of exponential order. Define H(t) = 


i Wipe HiG=iiay Hi) willbercontimmonannd of 
exponential order as t>~. sL{H(t)} = Li} F(t)} (by 
Eq. (13)). So 


L1['F(@)de| = LIF} /s (18) 


Substitution Theorem 


Theorem: The substitution of (s—a) for “s’’ in f(s) 
corresponds to the multiplication of F(t) by e**. 


Proof: bs co 
ates = —(s-a) W(t)dt = ate—sth(t) dt 
f(s —a) = [ee F(t)dt = [eve F(t) 
=a 


e*tF(t) } (19) 


F(t) 


Fig. 2 
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| i Illustrations of the substitution theorem. 


L{sin (kt)} = k/(s?+ k’); 


Lie*sin (kt)} =k/(s —a? +k (20) 
L{t*} = 6/st; L{et?} = 6/(s — a) (21) 
Shifting Theorem 
Theorem: If f(s) =L{F(t)} and k>0, 
e™f(s) = Lj F.(t)} (22) 


where F(t) =0, 0<t<k, and F,(t) =F(t—k) for t>k. 
Proof: 

e*t(s) = Nest+OF (tat 
Let t+k=r. 


[ enFG ep: [ek =ycne 
k /0 


ise = [oe Py (n)dr 


Ct B® D 


7’ here is a dummy variable and this completes the 
theorem. 

We will find the shifting theorem very useful in many 
applications later. Its use will allow us to find the trans- 
forms_of many step and broken functions. We shall 
demonstrate. 


Ex. 1. Find L{F(t)}, where 
F(t) =E, 0<t<a 
GeO ea, << G 


ben b(t )—H— PG), where P(t) =0> 0<t <a, and P(t) = 
E;t>a. Therefore L} F(t)} =E/s?— Ee—*s/s? (see Fig. 3). 


B 


F(t) 


0,0 a0 t 


Fig. 3 


This completes the theory and practice of finding 
the Laplace Transform of a given function of “t’’. The 
sufficient conditions for convergence of the Laplace 
Integral should be kept in mind as well as the applica- 
tion procedures for the various theorems. Later, we 
shall apply the shifting theorem. 


THE INVERSE TRANSFORMATION 


We shall from here on call F(t), the ‘object func- 
tion’ and f(s) the ‘result function.” We previously have 
illustrated ways to obtain the result function from a 
given object function by direct integration and by the 
use of theorems. Suppose now that we have a result 
function whose object function is desired. We write 
L—{f(s)} =F(t) where L}{ indicates the process of 
finding the object function of a given result function. 
This inversion may be done several ways, but the 
quickest and easiest way is to look it up in a table of 
transforms. In applications, it is often required to invert 
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p(s)/q(s) where ‘‘p” and “q” are polynomials in “‘s’’, 


MAY, 1956 


“q” being of higher degree than “‘p’’. Partial fractions 
are applicable here and are generally used. It will be 
assumed that the reader has some knowledge of partial 
fraction expansions, but if not, the technique may be 
quickly learned from almost any algebra book. We shall 
find a few inverse transformations. 


oxen ty 
: St habs a’ aie 
Find LU Geta air 
a’ +. oe a? ‘¢ a 1 
s(s + a)3 s (s + a)3 (s + a)? (s + a) 
as 
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Substitute (s+2) for ‘s’’ 
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DIFFERENTIAL EQUATION SOLUTIONS 


We have seen in a previous section how we may 
d= t 
transform ae [F(t)] and / F(t)dt into algebraic func- 
J 0 
tions of “s’’. This is exactly what we shall do in solving 
differential equations. We may transform an integral or 
differential equation in F(t) into an algebraic equation 
in f(s). We then solve for f(s) by algebraic means and 
find an object function corresponding to our given result 
function. Some solutions will be illustrated next. 


(a) Consider the following differential equation 


cme Gao R 
Nt) dp =t 


dt? 
Initial conditions: X(0+)=0; X'(0+)=1. By taking 


(23-a) 


the Laplace Transform and using the initial conditions, 
(23-a) becomes: 


s’x(s) — s — sx(s) = 2/s? (23-b) 
Solving (23-b) for x(s) and expanding into partial frac- 
tions: 

3 2 2 2 


3 
ita as (23-c) 


= (atl a art eet s 


x(s) 


By inverting, 


X(t) = set — t*/: (23-d) 


The reader will observe that the Laplace Transforma- 
tion offers nothing but speed in this simple case. Its 
advantages in a system of such equations are much 
more pronounced, 

(b) Consider the system of equations with the initial 
conditions 


YO ils ZO eX (07-0 


VC) = 71H OVE) OZ) nl ot (24a) 
¥2(t) + 2Z3(t) + Y(t) =0 (24-b) 


Transforming and applying the initial conditions, 
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(s — 1y(s) + (2 — s)a(s) = 1/s — 2/s° (24-¢) 
(s? + 1)y(s) + (2s)a(s) = 0 (24-d) 


Solving for the unknowns and expanding into partial 
fractions, 


y(s) = 2/s + 2/(s + 1)? — 2/(s + 1); 
Y(t) = 2 — 2e* + 2te* 

2(s) = 2/s — 2/(s + 1)? — 1/8? — 2/(s + 1); 
Zt)=2 —t —2te = — Ze 


(24-e) 


(24-f) 


A PROBLEM ON THE STATIC 
DEFLECTION OF BEAMS 


Given a beam of uniform cross-section fixed at end 
x=0 and supported by a hinge at end x=L. We place 
the following wt/length upon the beam: W(x) =kx, 
02x < 7/2 WG) =k(Li-x)) L/2<x<L. (See Figure 4 
for the configuration of the beam.) We have the fol- 
lowing boundary condition which we must use. 


(1) and (2): Y(0+) = Y'(0+) =0 
(3) and (4): Y(L) = Y?(L) = 0 


Xoo 


Fig. 4 


Let us represent our W(x) by W(x) =kx—2k(x—L/2) 
where (x — L/2) =0,0<x<L/2and (x—L/2) =(x—L/2) 
for x >L/2. This will enable us to use the shifting 
theorem for W(x). From dynamics we know 


Ve Wer 
—— Y(x) = W(x) 


(25-a) 
dx 


Let e=1/EI for simplicity. It will be noted that we have 
defined W(x) only for the range 0<x<L. This is be- 
cause we are interested only in the length of the beam. 
Transform (25-a) with respect to ‘‘x’’ since ‘“‘x”’ instead 
of “‘t”’ is the independent variable here and using condi- 


tions (1) and (2) get, 
sty(s) — sY°(0+) — Y3(0+) 


= ck/s’ — 2cke 2 /¢? (25-b) 
y(s) = Y?(0-+)/s* + Y2(0-+) /s* 

+ ck/s® — 2cke—"s/? /s6 (25-c) 
Y(x) = Y?(0+)x?/2 + Y3(0+)x?/6 

+ ckx®/120 — ck(x — L/2)*/60 (25-d) 

Differentiate (25-d) twice to obtain (25-e) 

Y(x) = ¥2(0+) + Y2(0-+)x 

+ ckx*/6 — ck(x — L/2)3/3 (25-e) 


By substituting conditions (3) and (4) into Eqs. (25-d) 
and (25-e) and solving, we find: 


Y?(0+) = —5ckL?/128; Y3(0+) = —2ickI?/128 


Substituting these values back into (25-d) we find: 
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Y(x) = —5ckL'x?/256 — 7ckL?x*/256 
+ ckx®/120 — ck(x — L/2)5/60 


where (x—L/2) is as previously defined. 


(25-f) 


A SINGLE CIRCUIT 


Consider the electrical circuit shown in Fig. 5. The | 
switch has been open a long time (all initial currents 
and voltages are 0). At time t=0, the switch is closed, 
Find the current in the circuit. By Kirchoff’s Voltage 
Postulate, we know 


Peery Lb L(t) + i ‘T(t)dt (26a) 


1Oce= 0 
L/C > R2/4 


Assume 


BK 
R 
Eiger 
By transforming (26-a) and solving for i(s), we find 
E/s = Ri(s) + Lsi(s) + i(s)/sC 
iS) Le (26-b) 


& -+ (R/L)s + 1/LC 


We shall complete the square in the quadratic by adding 
and subtracting (R/2L)?; (26-b) becomes 


Ey L 
@ Pe RY2D)2 a LO area) 


We now substitute (s) for (s+R/2L) and (26-c) becomes 


i(s) = (26-c) 


1 


I(t) =Ee-Rten/p, p-! ae | (26-d 
eu le O/T LORY aiee | PO8) 
I(t) = Ee-Rten 

sin (\/ 1/LC — R2/412)t/\/L/G— R2/4 (26-e) 


It must be realized that only a few of the most 
elementary applications have been dwelt upon here. 
The transform is also applicable to problems in partial 
differential equations and, in certain cases, to the solu- 
tion of non-linear differential equations. The discussion 
presented here was intended to require only a knowledge 
of calculus. Since a thorough understanding of complex 
variables is essential for the solution of partial differ- 
ential equations, no partial differential equations were 
presented here, It is neither expected nor intended that 
the reader will have a working knowledge of Laplace 
Transforms from merely reading this article, but it is 
to be hoped that he will recognize its value and further 
inform himself of the method. The Laplace Transform 
is certainly no panacea for differential and integral 
equations, but, through its judicious application, many 
useful results may be obtained. 


THE TECHNOGRAPH 


How to get longer 
roller and belt life 
in a conveyor system 


Engineers had to find a way to reduce costly friction 
and wear on rollers and idlers in designing this big 
conveyor system. It handles up to 3,300 tons of ore 
per hour on each of two 54” belts traveling at more 
than 500 feet per minute. Their solution: Mounting 
the idlers on Timken® tapered roller bearings. 
Result: reduced friction, less sliding and scuffing 
between idlers and belts, longer roller and belt life. 


True rolling motion, 
high precision practically 
eliminate friction —. 


All lines drawn coincident with the working surfaces 
of the rollers and races of Timken bearings meet at 
a common point on the bearing axis. This means 
Timken bearings are designed by geometrical law 
to have true rolling motion. And they’re manufac- 
tured with great accuracy to live up to their design. 
Result: Timken bearings practically eliminate fric- 
tion, give longer bearing life, keep conveyors roll- 
ing smoothly. 


Want to learn more about bearings 
or job opportunities? 


© TIMKEN 


MAY, 1956 


TRADE-MARK REG. U. S. PAT. OFF. 


TAPERED ROLLER BEARINGS 


Many of the engineering prob- 
Jems you'll face after graduation 
will involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 


BEARING TAKES RADIAL @) AND THRUST -@— LOADS OR ANY COMBINATION We 


Timken bearings. And for infor- 
mation about the excellent job 
opportunities atthe Timken Com- 
pany, write for a copy of “This 
Is Timken”. The Timken Roller 
Bearing Company, Canton 6, O. 


NOT JUST A BALL © NOT JUST A ROLLER o> THE TIMKEN TAPERED ROLLER a> 
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BRAIN 
TEASERS 


by Larry Kiefling, M.E. ‘56 


1. Once upon a time, there lived a 
rich farmer who had 30 children, 15 by 
his first wife, who was dead, and 15 by 
his second wife. The latter woman was 
eager that her eldest son should inherit 
the property. Accordingly, one day she 
said to him, “Dear Husband, you are 
getting too old. We ought to settle who 
shall be heir. Let us arrange our 30 
children in a circle, and counting from 
one of them, remove every tenth child 
until there remains but one, who shall 
succeed to your estate.” 

Quite astonished was the old man, as 
the first fourteen children eliminated 
were by his first wife. Noticing this he 
realized that the odds were 15 to 1 that 
the latter wife’s children would be 
chosen. “From this point on,” the man 


suggested that they count backward 
from the lone remaining child of the 
deceased wife. Which became heir? 


What order did they start? 


2. Two candles have equal lengths. 
The one is consumed uniformly in four 
hours, while the other takes five hours. 
If they are lighted at the same time, 
when will one be three times as long 
as the other? 


3. A and B live at two opposite cor- 
ners of a square lot; C and D live at 
the other two corners. They all carry 
water from a spring, located within the 
lot, which is 5 rods from A; 4 rods from 
B; and 3 rods from C. How far must 
D carry water? 


+. Two friends set out from the same 
place at the same time in the same direc- 
tion. A walked at a uniform rate of 18 
miles a day and after nine days turned 
back and walked as far in the opposite 
direction as B had walked in the nine 
days. A then turned around once more 
and overtook B exactly 22% days from 
the time they first set out. What is B’s 
rate of speed, assuming it to be uni- 
form? 


5. Two spheres, the 
which are 12 in. 


diameters of 
and § in. respectively, 
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rest, touching each other, on a flat sur- 
face. The point of interest is the point of 
contact and the problem is to find its 
height about the surface. 


6. A Dutchman with a goat and a 
goose met a milkmaid leading a cow. 
The maiden screamed in terror. 

“What frightens you?” asked Hans. 

“You are going to kiss me against my 
will,” said the coy maid. 

“How can I do that with the cranky 
animals on my hands?” asked Hans. 

“What prevents you from thrusting 
your cane into the ground and fastening 
the goat to it and putting the goose 
under my _ pail?” 

“Because that cross-looking cow might 
hook me,” said Sans. 

“Oh, that fool cow won't hook any- 
one; and what is to prevent you from 
driving all three of them into my pas- 
ture field?” asked the terrified maiden. 

During the subsequent conversation 
the following facts were discovered: 
They found that the goat and the goose 
together would eat just as much grass 
as the cow, so if that field would pas- 
ture the cow and the goat for 45 days, 
or the cow and the goose 60 days, or the 
goat and the goose 90 days, how long 
would it pasture the three together. 
Karly replies are requested, as Hans and 
Katrina are contemplating a speedy 
partnership. 


7. What you are about to read is a 
true story, only the student's name has 
been changed to protect the anything- 
but-innocent. A fortunate friend of ours, 
we'll call him Rufus T. Flypaper, leaves 
his house every morning by car for the 
two-mile drive to school. Being a very 
precise individual, he knows that he 
must average 30 mph to arrive on time. 
One infamous morning a woman driver 
so impeded Rufe’s progress for the first 
mile that his average was only 15 mph 
for that mile. He quickly calculated the 
proper speed for the remainder of his 
trip so that his punctual record would 
be unbroken. Accounting for the possi- 


bilities of a modern auto, do you think 
Rufe could reasonably expect to be on 
time ? 


8. Below you will find the names of 
two of the notables in the world of 
technology (living or not) which you 
are to unscramble. 

Hint 1: French mathematician. The- 
orie Analytique de la Chaleur. 

Hint 2: English physicist. Made first 
thermionic valve. 
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Research Specialist Edward 
Lovick (right) discusses 
application of experimental 
slot ‘antenna in the vertical 
stabilizer of a high-speed 
aircraft with Electronics 
Research Engineer Irving 
Alne and Electronics 
Research Engineer 

Fred R. Zboril. 


Lockheed antenna program 


offers wide range of assignments 


Lockheed Sponsor for Univer- 
sity of Illinois, William G. Pitt, 
Class of '35. As the Lock- 
heed sponsor for the 
University of Illinois, Mr. 
Pitt counsels students 
about their opportunities 
at Lockheed through peri- 
odic visits to the campus 
and through correspond- 
ence. After students join 
Lockheed, he maintains a 
close relationship with 
them as friend and career 
advisor. His work involves 
special assignments related 
to sales contact, negotia- 
tion of airplane configura- 
tion with customers and 
airplane specifications for 
various projects. He joined 
Lockheed in 1940. 


MAY, 1956 


Airborne Antenna Design is one of the fastest- 
growing areas of endeavor at Lockheed. Advanced 


development projects include work on stub, slot, 
reflector-type, horn and various dipole antennas. 


These diverse antenna activities reflect the full scope 
of Lockheed’s expanding development and production 
program. For with 13 models of aircraft already in 
production and the largest development program in 
the company’s history underway, the work of Lock- 
heed Antenna Designers covers virtually the entire 
spectrum of aircraft, commercial and military. 


You are invited to contact your Placement Officer for 
a brochure describing life and work at Lockheed in 
the San Fernando Valley. 


LOCKHEED 


California Division aiRCRAFT CORPORATION « BURBANK 


CALIFORNIA 
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“Tet’s see your bait,” said the native 
as the discouraged angler was about to 
give up. 

The angler showed his minnows. The 
native fastened one by the tail to the 
angler’s hook, pulled a bottle of corn 
liquor from his pocket, poured it into 
the bucket, ‘dunked’ the minnow in 
it for a moment and said, ‘Now try it.” 

Almost immediately there was a 
heavy strike and after a brief struggle, 
a 15-pound bass was landed. Not on 
the hook, of course—the minnow had 
the bass by the throat. 


C.E. Prof.: “Describe the mechanism 
of a steam shovel.” 

C.E. Student: “Don't kid me, you 
can't shovel steam.” 


se % 


“My wife ran off with another man.” 

“That’s too bad.” 

“I’m satisfied. Furthermore, my house 
burned down, and I don’t have any 
insurance.” 

“Gee, that’s tough.” 

“I'm satisfied. And to cap everything 
my business failed, and I’m bankrupt. 
But in spite of everything, I’m  satis- 
fied.” 

“How is that possible with all your 
misfortunes ? 

“T smoke Chesterfields.” 


*. tS 3K 


“How was your first semester at 
college?” 

“Wonderful,” said the co-ed. “But 
the first day I was there the authorities 
made a silly mistake. It seemed they 
assigned me to a men’s dormitory.” 

“Good heavens. THlow did they make 
an error like that?” 

“Who knows? I never went back to 
find out.” 
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A little boy and a little girl, each 
about five years old, were playing near 
a creek one very hot summer afternoon. 
As a relief from the heat, the little boy 
suggested that they go in swimming. 
She demurred, saying that they didn’t 
have any swim suits. 

He finally pursuaded her that it 
would be all right for them to go just 
in their birthday suits, so they took off 
their clothes and started for the water. 

The boy looked the little girl over 
very carefully and said— 

“Well, this: is the first time I ever 
knew there was that much difference 
between you Catholics and us Protes- 
tants, !” 

oe PS * 
“Gosh, you have a lovely figure.” 
“Oh, let’s not go all over that again.’ 


Joe: “I’m tired. I was out with a 
nurse last night.” 

Jack: “Cheer up. Maybe your 
mother will let you go out without one 
sometime.” 

cS 3K 3k 

A little girl persuaded her mother to 
get in the tub with her for the morning 
bath. They were both sitting in the 
water, the little girl splashing happily, 
when she looked at her mother with a 
changing expression. 

“Oh, mother,” she said, “I 
plain and you are so fancy.” 
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“Oh, mama, look at the kind man.” 

“Why, Betsy, what is he doing?” 

“He’s sitting on the sidewalk talking 
to a banana peel.” 

ae Ba Be 

I.E.: “I like mathematics when it 
isn’t over my head.” 

M.E.: “That’s the way I feel about 
sea gulls.” 


Prof.: “What is an engineer?” 

Student: ‘A person who passes as 
an exacting expert on the basis of being 
able to turn out with prolific fortitude 
innate strings of incomprehensible form- 
ulae calculated with micromatic precis- 
ion from vague assumptions which are 
based on debatable figures taken from 
inconclusive experiments carried out 
with instruments of problematical ac- 
curacy by persons of doubtful reliabil- 
ity and questionable mentality for the 
avowed purpose of annoying and con- 
founding a hopeless chimerical group of 
fanatics referred to all too frequently 
as Engineers.” 
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College: a fountain of knowledge 
where students gather to drink, 
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“Carry your: bag, sir?” 
“Hell no, let her walk.” 
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“T wonder.what’s the matter with 
our star basketball player—he looks so 
unhappy.” 

“Tt’s because his father 
writing him for money.” 
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To avoid trouble and insure safety, 
breathe through your nose. It keeps the 
mouth shut. 

k *. * 

“Why, it was an outrage!” exclaimed 
the irate husband. 

“The nerve of that farmer charging 
you $15.000 to tow the car half a mile 
to a service station!” 

“Don’t take on so, dear,” soothed the 
wife cheerfully. 

“He earned every cent of it, believe 
me. I had the brakes on all the way.” 

Overheard in the office: “How dare 
you kiss me like that! I won’t stand for 
it. Things like that show what sort of 
an opinion you have of the girls who 
work here. . . . besides, you forgot to 
latch the door.” 

Judge: “What induced you to strike 
your wife?” 

Defendant: ‘““Well, she had her back 
to me, the frying pan was handy, and 
the back door was open, so I thought 
I’d take a chance.” 

Thought for the day: A girl in a play- 
suit can mean. business. 

If all the coeds in the world who 
don’t neck were gathered in one room, 
what would we do with her? 

Woman, to small boy smoking on 
street: Young man, does your mother 
know you are smoking? 

Boy: Madam, does your husband 
know you speak to strange men on the 
street ? 
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If youre still on the fence— 


hee THE BENEFIT of the young engineer who is 
puzzling over his future—hasn’t yet decided 
on a job—we'd like to mention some facts about 
General Motors. 


GM gives young engineers a great chance to follow 
their natural bent—because GM makes a wide variety 
of products including cars, trucks, Diesel engines, 
Prop-Jet aircraft engines, road-building machines, 
home appliances, military equipment. 


GM gives young engineers an opportunity to work 
with small, friendly groups of more experienced men, 
in a choice of locations. For GM is decentralized 
into 34 manufacturing divisions with 122 plants in 


67 U.S. cities. 


At GM, the young engineer finds prestige, security, 
the support of vast technical resources, including the 
research facilities of a multimillion-dollar Technical 
Center. 


He is encouraged in his professional growth through 
training programs, publication of reports, material 
incentives, and assignment of additional responsibil- 
ities as rapidly as he is able to handle them, 


Fact is, the way things are going now, 40% of GM 
executive posts will be filled by men with engineering 
backgrounds. 


Think you can take the measure of a job with 
the world’s largest and most successful industrial 
company—dedicated to producing ‘‘more and better 
things for more people’’? 


Then your very next step is a chat with your Place- 
ment Officer. Or else, write us directly—the sooner, 
the better. 


oseeevvrevreeesveerer ere ere eevee eee eee eeeve eee eee ® 


GM Posttions Now Available 
in These Fields: 


ELECTRICAL ENGINEERING : 
METALLURGICAL ENGINEERING y 
CHEMICAL ENGINEERING 
AERONAUTICAL ENGINEERING ° 
MECHANICAL ENGINEERING : 
INDUSTRIAL ENGINEERING 
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GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 


B-52 jack screw—a typical Boeing design 


On Boeing B-52 bombers, the hori- 
zontal tail surface has more area than the 
wing of a standard twin-engine airliner. 
Yet it can be moved in flight, up or down, 
to trim the aircraft. 


The device that performs this function 
is a jack screw, which, though it weighs 
only 255 pounds, can exert a force of 
approximately 225 tons! 


Many kinds of engineering skills went 
into designing and developing a jack 
screw so precise that it automatically com- 
pensates for stretch and compression 
under load. Civil, electrical, mechanical 
and aeronautical engineers, and mathe- 
maticians and physicists — all find chal- 
lenging work on Boeing design projects 
for the B-52 global jet bomber, and for 
the 707 jet tanker-transport, the BO- 


MARC IM-99 pilotless interceptor, and 


aircraft of the future. 


Because of Boeing’s steady expansion, 
there is continuing need for additional 
engineers. There are more than twice as 
many engineers with the company now 
as at the peak of World War II. Because 
Boeing is an “engincers’ company,” and 
promotes from within, these men find 
unusual opportunities for advancement. 

Design engineers at Boeing work with 
other topnotch engineers in close-knit 
project teams. They obtain broad experi- 
ence with outstanding men in many 
fields, and have full scope for creative 
expression, professional growth and indi- 
vidual recognition. And they find satis- 
faction in the high engineering integrity 
that is a Boeing byword. 


challenge 


In addition to design engineering, 
there are openings on other Boeing teams 
in research and production. Engineers 
like the life in the “just-right” size com- 
munities of Seattle and Wichita. They 
may pursue advanced studies with com- 
pany assistance in tuition and participate 
in a most liberal retirement plan. There 
may be a place for you at Boeing-Seattle 
or Boeing-Wichita. 


For further Boeing career information consult your 
Placement Office or write to either: 


JOHN C. SANDERS, Staff Engineer—Personnel 
Boeing Airplane Company, Seattle 14, Wash. 


RAYMOND J. B. HOFFMAN, Admin. Engineer 
Boeing Airplane Company, Wichita, Kansas 


BOEING 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 


THE TECHNOGRAPH | 


Herschel Loomis asks: 


What are my 


chances for 
advancement in 
a large company 


like Du Pont? 


Herschel H. Loomis, Jr., will receive his B.S. degree in electrical 
engineering from Cornell University June 1957. Herschel is a member 
of the freshman and varsity rifle teams, an associate member of Octa- 

} y Ws . . 
gon, a dramatic group, and belongs to Theta Chi Fraternity. Like 
many other students, he’s making employment plans early. 


Peter Meshkoff answers: 


Peter J. Meshkoff joined Du Pont at the Jackson Your question is a natural one, Herschel—one we hear 
Laboratory in 1941, after obtaining a B.S.Ch.E. from 
the University of Detroit and an M.S. from the Uni- 
versity of Michigan. He has had a wide range of Du Pont 


quite often. Du Pont is unquestionably a large company 
in total number of employees and in all its operations. 


experience, from chemist in the Dye Works to chief But, actually, Du Pont is made up of ten independent 
supervisor and works engineer at several plants, with departments, almost as if it were ten companies under 


many opportunities to observe Du Pont personnel Get che Tap ASUS INR Et eer ee a i ce 
policies. Today Pete Meshkoff is works engineer at ODES ans ECTS DOS eas LUN GAME N val POUCY Fa 


Du Pont’s new Film Plant at Circleville, Ohio. Du Pont to promote from within and on merit only. 


That produces many opportunities for new men, but 
in addition there are proportionately more promotions 
at Du Pont each year—by reason of expansion and re- 
WANT TO KNOW MORE about the tirement—than you would find in most smaller com- 
opportunities for growth touched on by panies. I say “proportionately more”? because Du Pont 
Pete Meshkoff? Send for a free copy of has grown at an average rate of seven per cent a year for 
“The Du Pont Company and the College 


Po: ; the past 153 years—a record that few companies can 
Graduate,” which discusses many of the 


a Ss ‘ match. 
employment policies and activities of 
DuPont in detail. Writeto E.1.du Pont de And Du Pont is still growing rapidly. Take your field, 
Nemours & Co. (Inc.), 2521 Nemours electrical engineering. A host of novel-and challenging 


Building, Wilmington 98, Delaware. 


problems have to be faced, both in new construction and 
in maintenance. There are plants to design with features 
that have never been applied before; there are new 


equipment-control problems to work out, and new engi- 


SSI neering processes to pioneer. So, to answer your question 
BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY in a word, Herschel, I'd say your chances of promotion 
WATCH “DU PONT CAVALCADE THEATER” ON TV on merit are extremely good at Du Pont! 
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A THOUSAND <nonver brent MILLION IDEAS 


AVIATION CORPORATION 


Bendix ELECTRO-SPAN provides telemeter control 


of industrial operations from hundreds of miles away 


Important storage reservoirs for water, 
crude oil, gas, brine and other liquids 
are located in many remote and isolated 
sections of this country. In the past it 
has required crews of men stationed at 
these points to keep a constant check 
on volumes and to open and close 
valves to balance supply and demand. 
The work is lonely, expensive to main- 
tain, and sometimes dangerous. 

Now Bendix ELECTRO-SPAN, made by 
Pacific Division of Bendix Aviation 
Corporation in North Hollywood, Cali- 
fornia, can take over the entire job. It’s 
a completely automatic, remote meas- 
uring and control system that takes 
measurements in oil storage tanks, 
controls flow in water systems, com- 
pletely operates unattended power and 


weather observation stations —all from 
a central location. Liquid level, flow, 
temperature, electrical quantities, pres- 
sure or shaft position are types of 
information which ELECTRO-SPAN de- 
livers immediately. 

The system also acts in reverse, 
enabling the operator to control pumps, 
valves, motors and circuit breakers at 
remote locations. It can be used over 
any communication link such as tele- 
phone or telegraph lines, radio or 
microwave. 

ELECTRO-SPAN is just another of the 
million Bendix ideas to be converted 
into a vital product for American 
industry. It is because of exciting, new 
products like this that talented engi- 
neers find a job with Bendix a challeng- 


ing and stimulating experience. Then, 
too, they know that Bendix combines 
the opportunities of a large corporation 
with the advantages of small, autono- 
mous divisions where skill and _ in- 
genuity are never overlooked. No 
matter what part of the country you 
prefer, Bendix deserves your attention 
when you plan your engineering future. 
See your placement director or send for 
the brochure ‘“‘Bendix and Your 


Future’. 
Condi” 


AVIATION CORPORATION 
FISHER BLDG., DETROIT 2, MICHIGAN 
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GYROSCOPICS 
SERVO MECHANISMS 


AUTOMATIC FLIGHT 
CONTROLS 


FIRE CONTROL SYSTEMS 
COMPUTERS 
ELECTRONICS 
HYDRAULICS 
OPTICS 
NAVIGATION SYSTEMS 
BALLISTICS 
RADARS 


TEST AND TELEMETERING 
EQUIPMENT 


PROPULSION 
AERODYNAMICS 


MINIATURIZATION AND 
MODULAR DESIGN 


INERTIAL GUIDANCE 


EVALUATION AND 
SYSTEM ANALYSIS 


LOGISTICS 


For Graduate Engineers, the Sky is the Limit in 


Missile Careers with Sperry 


Study the list above and you'll find that here at Sperry we 

are engaged in every phase of engineering necessary for missile 
development. Since 1916 when Sperry developed the first 
pilotless aerial torpedo for the Navy, we have specialized in all 


the arts required for the missiles of today — and tomorrow. 
Currently Sperry is putting its capabilities to work in six G y GYROSCOPE COMPANY 


j issi s—of all types—ranging from complete 
"ee [wag Siaian, Ac cee spe nia = Great Neck, New York 
systems’ cognizance to major sub-system responsibility. 


DIVISION OF SPERRY RAND CORPORATION 


If you are interested in getting into missile engineering or 


. ° : LEVELAND * NEW ORLEANS * BROOKLYN 
want to specialize in any of the phases of engineering listed : 


LOS ANGELES + SAN FRANCISCO + SEATTLE 
above — see the Sperry representative when he visits IN CANADA: SPERRY GYROSCOPE COMPANY 
your school—or write now to JU. W. Dwyer, Sperry Gyroscope OF CANADA, LIMITED, MONTREAL, QUEBEC 


Company, Section 1B5. 
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RALPH PFISTER'S FAST RISE in only four years at Dow exemplifies the opportunities that exist with the ‘fastest-growing chemical company.” 


Thus, this 27-year-old production engineer explains 


“Expansion ts so rapid 


his new position as Superintendent of a multimillion 


dollar warehouse with a work force of 100 men. 

at Dow, you have to 
In June, 1951, Ralph Pfister graduated from Northwestern 
‘ : é University’s Technological Institute. His studies, experi- 
keep IMOVINS Up, ence and natural inclination pointed to a future in produc- 
tion engineering. Pointed right to a position as process 

ea . ; / ene ; engineer in the Dow saran plant. 

&/ OWLS, 1700 NUNES, Within three years, Ralph moved to Ass’t. Superintendent 
of a production train in a wing of the Styron® plant, to 
Ass’t. Superintendent of the entire wing and two months 


. le) - 
Just i keep Pace. ago to Superintendent of the 500,000 sq. ft. warehouse 


serving all wings of the plant. | 


“Always something new to learn... upper management 
not only allows but encourages our making the important 
decisions . . . the people are interesting, stimulating both 
at work and socially.” 


These excerpts from a conversation with Ralph Pfister 
give a quick profile of employment at Dow. Here is the 
fastest-growing company in the nation’s fastest-growing 
industry. Dow communities provide some of America’s 
most pleasant living surroundings and educational and 
recreational facilities. 


SSeS ~ ‘ 
SME DOHAACKCG NSE 


Whether your interest be production, research or technical 
sales, for more information on a career at Dow write for the 
16-page booklet “Opportunities with The Dow Chemical 


Company.” Address your request to Technical Employment 


ee ee enue peas Department, THE DOW CHEMICAL CoMmPANY, Midland, 
THIS COMMUNITY CENTER in a Dow city is typical of the excellent recrea- Michigan, or Freeport Texas 
tional facilities available to Ralph Pfister and other Dow employees. : 


you can depend on DOW 
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Marquardt 


nnounces 


A NEW PROGRAM OF 


PROFESSIONAL 
DEVELOPMENT 


INDIVIDUAL 


for our Engineers 


Individual 
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Attention: wer 2 Personnel 


guidance 

for you by 

outstanding 
specialists 
complemented by 
company-supported 
educational programs. 


Write for details 


Industrial Relations Department » 16555 ni St., Van Nuys, Calif. 


THE WEST’S LARGEST JET ENGINE RESEARCH AND DEVELOPMENT CENTER 
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INDIVIDUAL 
PROFESSIONAL 
DEVELOPMENT 


for engineers 
in 
supersonic 
propulsion 


Marquardt, the leader in super- 
sonic propulsion, has inaugurated 
a program of Individual Profes- 
sional Development for its engi- 
neers. You can help us maintain 
this leadership for the future of 
supersonic propulsion. 


I.P.D. gives our engineers a 
chance to advance to their maxi- 
mum potential in their present 
fields...and those beyond...ina 
climate of continuing profes- 
sional growth from in-plant 
courses and more than fifty cur- 
rent courses in Southern Califor- 
nia’s leading universities. New 
courses are constantly being 
added. 


I.P.D. differs in its concept and 
objectives from ordinary com- 
pany training programs in that it 
gives each engineer an opportu- 
nity to grow and plan his devel- 
opment toward his own goal 
and at his own pace rather than 
having to follow a rigid pre- 
determined pattern. 


I.P.D. is part of an overall expan- 
sion program which anticipates a 


‘two-fold increase in personnel 


during the current year. This 
increase represents many addi- 
tional engineering opportunities. 
You can become a leader in super- 
sonic propulsion. Write for details. 


FACULTY MEMBERS’ 
INQUIRIES FOR 
SUMMER EMPLOYMENT 
INVITED 


SS 
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CONDITIONING: 


A Career for Engineers 
with Management Potential 


® The field is already big, growing fast... 


@® York is a leader in the field... 


@ Every York installation is engineered... 


® That’s why York looks for engineers with management 
potential, trains them well for responsible positions. 


Air Conditioning today is more than 
accepted; it’s expected and such bur- 
geoning industries as frozen foods are 
making heavy demands for refrigera- 
tion. York clients include banks, 
hotels, huge office buildings, indus- 
trial plants, food processors, and 
government installations. 


York systems are engineered to fit 
the particular requirements of each 
customer. This is important to York, 
because it is one of the factors con- 
tributing to York’s reputation as a 
producer of quality air conditioning 
and refrigeration. It is important to 
the graduate engineer, because it indi- 
cates York’s dependence upon the 
engineer. Y ork industrial systems are 
not sold across the counter: they are 
sold by engineers who contribute 
their skills to the specification and 
installation of the system, each step 


refrigeration 
air- -conditioning 


OrkKk kz quality name in atr conditioning 
HEADQUARTERS FOR 
MECHANICAL COOLING SINCE 1885 


of the way. And the jobs vary: today’s 
job might be a large office building; 
tomorrow’s a bank, or a store or a 
huge factory, or even an environ- 
mental test hanger for the Air Force. 


York management is largely drawn 
from its engineering staff. Today, of 
the 25 top engineering executives at 
York, 79 came up through the YORK 
College Graduate Training Program. 
Being engineers, they know the prob- 
lems and aspirations of young engi- 
neers, and they know how to help 
them get ahead. 


The YORK College Graduate Train- 
ing Program, alone in the industry, 
provides a personalized and tailored 
training content beamed to the spe- 
cific placement chosen by the young 
Engineering graduate. It is comprised 


of integrated classroom and on-the- 
job training assignments, which con- 
siders the many aspects of personal 
development. At YORK, the title 
“Student Engineer” is a mark of dis- 
tinction. It is the proven pathway to 
personal success in a highly technical 
industry. 


To learn more about the Air Condi- 
tioning and Refrigerating industry, 
York Corporation and its highly effec- 
tive College Graduate Training Pro- 
gram — see the Placement Director 
of your college or university to get a 
copy of the booklet “LIFE-TIME 
CAREERS” WITH” YORK”. “For 
specific information as to how you 
and YORK might fit together for the 
years ahead, write: Training and 
Education Department, York Cor- 
poration, York, Pennsylvania. 


YORK | 


CORPORATION 
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YOUR FUTURE -Chemistry and Koppers? 


In an age when most frontiers are 
shrinking, there is one that is constant- 
ly growing—the frontier of the chemist. 

This frontier has been pushed slowly 
back ever since the days of the pioneer 
18th and 19th Century chemists. ‘Their 
theories, proved in laboratories, were 
made useful by the mechanical genius 
of engineers such as Heinrich Koppers, 
designer of the modern chemical recov- 
ery coke oven. These early scientists 
laid the foundation for the diversified 
chemical industry that has grown so 
rapidly in the goth Century. 

And what are the results? An indus- 
try that has helped mankind by devel- 
oping entirely new and better products 
for more pleasant living; an industry 
that has extended the life of man by 
developing new or improved medicines; 
an industry that has extended the 
life of many materials, conserving our 
natural resources. 
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Your future? It’s going to be touched 
by chemistry to an extent never dreamed 
of by earlier college classes. That’s why 
a future in the chemical industry can be 
such a rewarding one for those who are 
not afraid of the challenge of responsi- 
bility, the new and the difficult. 

In addition to chemicals and plastics, 
Koppers produces tar products, metal 
products, pressure-treated wood. It de- 
signs and builds coke, steel and chem- 
ical plants. 


If you would like to know more about 


a future in chemistry or engineering 
with Koppers, contact your College 
Placement Director. Or write Industrial 
Relations Manager, Koppers Company, 
Inc., Koppers Building, Pittsburgh 19, 
Pennsylvania. 


— 


SEND FOR free 24-page 
brochure entitled “Your 
Career at Koppers.’’ Just 
address your letter to In- 
dustrial Relations Man- 
ager, Koppers Company 
Inc., Koppers Building 
Pittsburgh 19, Pa. 


Consider a Career with Koppers 


KOPPERS 
CHEMICALS & ENGINEERING 


many doors will be 
opened to you... 
which will you enter 
when you become an 


OPPORTUNITY KNOCKS for engineering careers 


at this magnificent new jet aircraft equipment plant 


Make the right choice when you begin to invest your hard-won skill and 
knowledge in engineering. Hamilton Standard offers a plant where initiative 
and responsibility are encouraged ... where young men are in top manage- 
ment posts... an engineering staff which has been continuously expanding 
i for 35 years ...a plant which has been judged one of the top 10 in the 
‘ nation. You don’t just fill a position at H-S ... you commence a career! Some 
: of Hamilton’s present projects include jet fuel controls, jet turbine starters, 
H hydraulic pumps, air cycle and vapor refrigeration systems, contro!s and 
accessories for nuclear engines, propellers for turbine and piston engines. 


GRADUATE PROGRAM ... while at Hamilton Standard you will be encouraged 
to take advantage of the company’s liberal tuition assistance plan and to 


pursue postgraduate studies at nearby Hartford Graduate Center of 
Rensselaer Polytechnic Institute. 


HAMILTON STANDARD [pam Send for “YOU AND YOUR FUTURE” 


. a colorful brochure picturing and describing all of the activi- 
ties and opportunities at H-S .. . plus information on the 
graduate engineering program. Write Mr. T. K. Bye, 103 
Bradley Field Road, Windsor Locks, Connecticut. 


ae Ain ait 


HAMILTON STANDARD 4 DIVISION OF UNITED AIRCRAFT CORPORATION 
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IN PRODUCING PRECISION ZINC, ALUMINUM AND MAGNESIUM 


DIE CASTINGS FOR A BROAD RANGE OF INDUSTRIES, NEW 
PRODUCTS CORPORATION HAS BUILT A FOUNDATION 
OF SKILLED CRAFTSMEN BASED ON THE USE OF 
TECHNICAL SCIENCES. TOOLING SPECIAL- 

ISTS HAVE REACHED THE LEVEL OF AR- 

TISANS THROUGH TAKING PRIDE 
IN WORKMANSHIP. THEIR 
EFFORTS PRODUCE THE 


TODAY 1S THE M OLD FOR TOMORROW 
IN WHICH METAL IS 
CASTALO CREATLECIHE FIN: 
ISHED PRODUCT. IN THE SAME 
WAY, YESTERDAY WAS THE MOLD FOR 
TODAY AND TODAY IS THE MOLD FOR TO- 
MORROW. THE FIRM TRADITION OF INTEGRITY, 
QUALITY AND DEPENDABLE SERVICE IN THE PAST IS 
THE MOLD THAT IS BUILDING FOR A BETTER TOMORROW. 
NEW PRODUCTS CORPORATION 


448 NORTH SHORE DRIVE ° BENTON HARBOR 1, MICHIGAN 


7OMORRW 
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DEPARTURES OF TOMORROW 


TOMORROW: Choose items from the monitor screen; electronic impulses select, assemble, deliver your order, total your bill and return your change. 


A week's shopping in minutes! And you haven't moved from your 
car. It’s that simple at the Drive-In Market of tomorrow. Just select 
your items from the monitor screen; electronic impulses 
select, assemble, deliver your order, total your bill and 
return your change. 


It's just a dream away! And when it takes shape, look for New 
Departure to provide the proper bearings to keep all moving parts 
functioning smoothly. New Departure ball bearings keep parts in 
perfect alignment, support loads from any angle and require little 
or no maintenance. 


NEW DEPARTURE @ DIVISION OF GENERAL MOTORS @ BRISTOL, CONNECTICUT 


Z~\ | 
DEPARTURE 


BALL BEARINGS 


TODAY: New Departure ball bearings in today’s 
business machines keep intricate moving parts func- 
tioning smoothly, quietly within precision tolerances. 
Accuracy is maintained even after long use. 


bln 
NOTHING ROLLS LIKE A BALL 
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“One open door after another” 


“When I joined the telephone company,” says 
Walter D. Walker, B.E.E., University of Minnesota, 
*d1, “I felt | could go in any direction. And that’s 
the way it has been. 

“For the first six months I was given on-the-job 
training in the fundamentals of the telephone busi- 
ness—how lines are put up and equipment installed. 
Learning those fundamentals has paid off for me. 

“Then I had the opportunity to go to the Bell 
Laboratories in New Jersey. I worked on memory 
crystals—ferro-electric crystals—for use in digital 
computers. I learned how important research is 
to the telephone business. 

“After two years I came back to Minnesota, to 
St. Cloud, to work in the District Plant Engineer’s 


Wally Walker’s career is with Northwestern Bell Telephone 
Company. Many interesting career opportunities exist in other 


Bell Telephone Companies, Bell Telephone Laboratories, West- 


Office. There I made field studies of proposed con- 
struction projects and drew up plans to guide the 
construction crews. This combination of inside 
and outside work gave me invaluable experience. 


“In July, 1955, I came to Minneapolis as an 
Engineer in the Exchange Plant Extension Engi- 
neer’s Office. We do forecasting—not of the weather, 
but of future service needs. Using estimates of 
growth and economic studies, we make our plans 
for the years ahead. We figure out where and when 
new facilities will be needed to meet future growth. 


“All this has been preparing me for a real future. 
You see, the telephone company is expanding by 
leaps and bounds. That’s why it offers a young 
man so many open doors.” 


ern Electric and Sandia Corporation. Your placement officer 


has more information regarding Bell System companies. 


Bell Telephone System 
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a combination... for game! 


laminated plastics...a combination of properties for trouble-shy designers 


When a man goes a-hunting for a combination material 
for a specific application, he wants a material that satisfies 
the property requirements . .. and is easy to machine. 
Synthane laminated plastic is just the material—plenty 
of good mechanical, electrical, electronic and chemical 
properties...combined with excellent machining and fab- 
ricating characteristics. 


Synthane terminal insulators must meet high prop- 
erty and machining standards. They must have high 
dielectric strength in a machinable insulator, good 
moisture resistance, excellent arc resistance, good 
heat resistance and mechanical strength. This insu- 
lator and similar parts can be fabricated at the 
Synthane plant with no waste, no problems to the 
purchaser, 


+. send for complete catalog and fabricating data. 


DIELECTRIC STRENGTH HIGH STRENGTH-TO- 
WEIGHT RATIO 


EASILY MACHINED DIMENSIONAL STABILITY 


SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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HERE’S . : 
TEXAS A&M 
where we Look ae 


...AND 


where we Find 


FINE ENGINEERS 


Over a period of many years we’ve found ba 
scores of fine engineers in these nine schools. N STATE 
Most of them are still with us, 


prospering in the ever-expanding electrical field. 


Again this year we’re looking to these same 

nine schools for electrical, mechanical, industrial and 
general engineering talent. If you’re looking forward to an 
active engineering career in one of the world’s most 
vital industries, why not get acquainted with Square D 
and its excellent opportunities? 


Wail the Youpon 


: (= 
We'd like to send you a brochure, | square D Company, Dept. SA 1 
“Your Engineering Career.” It gives the simple rules | $060 Rivard Street, Detroit 11, Michigan | 
; ‘ : f | I'd like a copy of Square D’s brochure, | 
to follow in selecting an engineering career. | “Your Enginecring Career” 
| | 
| | 
| Class | 
| | 
SQUARE J) COMPANY | 
‘ | | 
| __Zone State —— | 
= 
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ENGINEERS... 


— 


Take that ten year ahead look. There’s 
a fine career opportunity in the engi- 
neering field you like best waiting for 
you at Douglas. 

And what about the Douglas Aircraft 
Company? It’s the biggest, most suc- 
cessful, most stable unit in one of the 
fastest growing industries in the world. 
It has giant military contracts involv- 
ing some of the most exciting projects 
ever conceived...yet its commercial 
business is greater than that of any 
other aviation company. 

The Douglas Company’s size and 
variety mean that you'll be in the 
work you like best—side by side with 


DOUGLAS 


LOOK TEN YEARS AHEAD: 


Will your income and location 

allow you to live in a home 

like this...spend your 
leisure time like this2 


They can...if you start your 
career now at Douglas! 


A Douglas engineer lives here 


the men who have engineered the finest 
aircraft and missiles on the American 
scene today. And you'll have every 
prospect that ten years from now you ll 
be where you want to be carcer-wise, 


money-wise and location-wise. 


Brochures and employment applications are 
available at your college placement office 


For further information about opportunities 

with Douglas at Santa Monica, El Segundo and 

Long Beach, California and Tulsa, Oklahoma, 

write today to: 

DOUGLAS AIRCRAFT COMPANY, INC, 
C, C, LaVene, 3000 Ocean Park Blvd. 


Santa Monica, California 


—— 


y First in Aviation 
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At David Sarnoff Research Center, Princeton, N.J., RCA tests one of loudspeakers used in new high fidelity ‘Victrola’ phonographs. 


RCA creates a new kind of high fidelity 
in the silence of this room 


In this room you can hear a pin 
drop. The jagged walls absorb alien 
noise so that delicate instruments 
can make sure reproduced sound 
matches the original as closely as 
possible. 

Thus a new kind of high fidelity 
is born—and brought to you for the 
first time in new RCA Victor Ortho- 
phonic ‘‘Victrola’’ phonographs. 
Listen! Here is distortion-free per- 


® 


formance through the range of 
audible sound. Here is more music 
than you’ve ever heard before. Here 
is the ultimate in high fidelity. 

The skill behind new Orthophonic 
“Victrolas” is inherent in all RCA 
products and services. And continu- 
ally, RCA scientists strive to open 
new frontiers of ‘‘Electronics for 
Living’’—electronics that make life 
happier, easier, safer. 


RADIO CORPORATION OF AMERICA 


Electronics for Living 
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WHERE TO, 
MR. ENGINEER? 


RCA offers careers in re- 
search, development, design, 
and manufacturing for 
engineers with Bachelor or 
advanced degrees in E. E., 
M. E. or Physics. For full 
information, write to: Mr. 
Robert Haklisch, Manager, 
College Relations, Radio 
Corporation of America, 
Camden 2, N. J. 


1, 


CAST IRON PIPE 


to the well too often 


There are easier ways to get a drink. 


And engineering graduates will be called upon to develop them. They'll 
have to help supply and distribute the billions of gallons of water needed 


daily by homes and industry. Water that will be increasingly hard to find. 


But when they find it, they can rely on cast iron pipe to carry it. Practically 


every city in America—large or small—uses it for water and gas mains. 
In over 70 public utilities cast iron pipe has served for a century or 
more. No other pipe can point to such a long and useful record of 


service to the nation. 


CAST IRON PIPE RESEARCH ASSOCIATION 


Thos. F. Wolfe, Managing Director, 122 So. Michigan Avenue, Chicago 3, Ill. 
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SERVES FOR 
CENTURIES 


PHOTOGRAPHY AT WORK—No. 21 in a Kodak series 


To create in steel the flowing lines of today’s cars, calls for metal of particular forming qualities, 


Sleek styling starts with special steel: 


Photography turns chemtst—helps produce 1. 


Fenders, hoods, roofs and side panels 
call for best quality steel—and the 
watchful eye of photography guards 
specifications and controls that quality. 


Car designers’ dreams come true only if steel forms 
well under the pressure of deep drawing opera- 
tions. That takes a particularly high quality steel. 


Great Lakes Steel Corporation, Detroit, Mich., 
unit of National Steel Corporation, makes this 
steel for the automobile industry. And to make 
sure of its high quality they use photography. 
For example, during production, spectrograms 
show chemical make-up—insure the proper minute 
quantities of alloying elements, and photomicro- 
graphs reveal crystalline structure. 

Controlling quality is but one of the many ways 
photography works for modern industry. In small 
businesses and large it is aiding product design, 
simplifying production, creating sales and expe- 
diting office routine. 


SERS SRS ps Ss 
At Great Lakes Steel a spectrogram is readied for reading in 
the densitometer—one of the tests that assure quality steel. 


Behind the many photographic products be- 
coming increasingly valuable today and those 
being planned for tomorrow lie intriguing and 
challenging opportunities at Kodak in research, 
design and production. 

If you are interested in these opportunities in 
science and engineering—whether you are a recent 
graduate or a qualified returning serviceman, write 
to the Business and Technical Personnel Dept. 


Eastman Kodak Company, Rochester 4, N. Y. 


G-E Development Engineering offers you 
careers with unlimited professional growth 


-—---———— 


MAIL COUPON FOR CAREER INFORMATION 


MR. W. S. HILL 

ENGINEERING PERSONNEL 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 


In G.E.’s new Turbine Product Development Lab in 
Schenectady, Ed Freiburghouse, RPI ’44, describes 
development engineering to students Bob Parker, Missis- 
sippi State ’56, and Don Williams, Yale ’55. Ed explains 
the extensive development of new bucket designs for steam 
turbines which lead the way to increased efficiency and 
operating economy. 

Similar product development is being done in G.E.’s 132 
plants in 101 cities and 24 states, offering you op oortunity 
for professional development in many engineering channels, 
working with the more than 200,000 products G.E. makes 
for industry, the home, and defense. 

The G-E Engineering and Science Programs train you 
in the field of engineering most suited to your intere and 
aptitudes, such as development, design, or the laboratory. 


Progress /s Our Most /mportant Product 


— 


GENERAL ELECTRIC 
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Please send me your descriptive bulletin, ENS-P-5, on the 
G-E Engineering and Science Program. 


COLLEGE. 


ADDRESS 


DEGREE 


Boa ates cesses oooce coer ae & YEARS... 


